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FOREWORD 

The work reported herein was sponsored by Marshall 

Space Flight Center (MSFC) , National Aeronautics and Space 

r 

Administration (NASA). The results of tests were obtained 
by ARO, Inc. (a subsidiary of Sverdrup & Parcel and Associates, 
Inc:.), contract operator of the Arnold Engineering Development 
Center (AEDC) , Air Force Systems Command (AFSC) , Arnold Air 
Force Station, Tennessee. 

An extensive experimental investigation was conducted at 
various wind tunnels of the von Karman Gas Dynamics Facility 
(VKF) , AEDC, on various space shuttle configurations for 
various Mach numbers over a large Reynolds number range. This 
report contains heat transfer results for the McDonnell Douglas 
delta wing orbiter which was tested in the VKF, Hypervelocity 
Wind Tunnel F. An additional SADSAC report is available from 
the VKF-Tunnel F facility which documents test results from 
two delta wing configurations. 
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ABSTRACT 


Heat transfer tests for the McDonnell Douglas delta wing 
orbiter were conducted at the Arnold Engineering Development 
Center (AEDC) , von Karman Gas Dynamics Facility (VKF) in the 
Hypervelocity Wind Tunnel F. A 1.1 percent scale model was 
tested at a Mach number of approximately 10.5 over an angle 
of attack range from 10 to 60 degrees over a length Reynolds 
number range from 5 x 10 to 24 x 10 during the time period 
from May 4 to June 4, 1971. Heat transfer results were 
obtained from model surface heat gage measurements and 
thermographic phosphor paint . Limited pressure measurements 
were obtained. 
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NOMENCLATURE 


ALPHA Model angle of attack, deg. 

C Form of Chapman-Rubesin viscosity coefficient, 

(p-v/p,,,) (TyT w ) 

11 Model heat transfer coefficient, Q/(TO-T w ), 

Btu/ ft2-sec-°R 

HO Stagnation enthalpy, Btu/lbm 

HREF or Reference heat transfer coefficient, QO/(TO- T w ) , 

h re j. Btu/f t2-sec-°R 

H w Enthalpy at model wall temperature (T w ) , Btu/lbm 

H, or L Axial length of model, 21.35 in. (See Figure 3) 

M-INF, MACH, Free-stream Mach number 
or M 

(/) 

p Pressure, psia 

P-XNF or p, /( Free-stream pressure, psia 

PO Reservoir pressure, psia 

POP Pitot pressure measured at the test section, psia 

P0T1,2,3 Survey rake pressure, psia 

Q-INF Free-stream dynamic pressure, psia 

Q or q Model heat transfer rate, Btu/ft^-sec . 

QO or q ^ Stagnation heat transfer rate based on a hemi- 
sphere radius of 0.132 inches for the MDAC-DWO 
model. A 1-foot sphere radius scaled to 0.011 
model scale (MDAC-DWO model scale) corresponds 
to a radius of 0.132 in. 

r Model profile nose radius, 0.225 in. 

n 1 

RE/FT or Reynolds number based on free-stream conditions 
Re u /ft . and a 1-foot length 

RE/L, RE-L, Reynolds number based on free-stream conditions 
or Re^ ^ and model length (21.35 in.) 

RHO-INF Free-stream density, lbm/ft^ 
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STO 


Stagnation Stanton number, QO/ (RHO-INF) (U-INF) (HO- H w ) 
TIME or T Test section time, milliseconds 


T-INF or Too Free-stream temperature, °R 


TO Reservoir temperature, °R 

T w Temperature at model wall, ~540°R 


U-INF 
V-INF 
x or X 

y or Y 

y m ax or 
YMAX 


Free-stream velocity, ft/sec. 

1/2 I /9 

Hypersonic viscous parameter, M ro (C r/j ) /(Re txj $) 

Axial distance from the model nose, positive 
downstream, in. (See Figure 3) 

Lateral distance from the vertical centerline, 
positive out right wing, in. (See Figure 3) 

Local semi-span at a given model station, in. 

(See Figure 3) 


z ' The height to a given point measured from the 

bottom of the model at a given station, in. 

(See Figure 3) 

x Local model height at a given station (excluding 

vertical tail), in. (See Figure 3) 

a Angle of attack, deg. 


M- Gas viscosity at model wall 

Gas viscosity in free stream 
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INSTRUMENTATION CODE 


Examples 




Pressure 

Station 500 

Bottom Surface 



Heat Transfer Rate 
Station 1550 


Reference Location (another gage 

at same distance off centerline) 

Wing (top) Surface 


See Figures 3 and 4 for gage layout and 
Table I for gage locations 
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I . INTRODUCTION 


Heat transfer tests of the McDonnell Douglas delta wing 
orbitcr were sponsored by the Marshall Space F Light Center 
(MSFC) at Arnold Engineering Development Center (AEDC) . A 
L.L percent scale model was tested in Tunnel F at the AEDC— 
von Karman Gas Dynamics Facility (VKF) , during the time 
period from May 4 to June 4, 1971. The purpose of this test 
was to obtain heat-transfer distributions over the complete 
orbiter configuration at flight Reynolds numbers and to 
investigate the onset of transition and the transition zone 
over a large Reynolds number range. Heat transfer results 
were obtained from detailed instrumentation measurements and 
a thermographic phosphor paint technique. Limited pressure 
measurements were obtained during the tunnel entry . Data 
were obtained at a Mach number of approximately 10.5 over a 
Reynolds number range from 5.0 x 10° to 24.0 x 10 , based 
on model length. Limited results were obtained at Mach 
Number 11.5 for a lower Reynolds number range. The model was 
tested over an angle of attack range from 10 to 60 degrees 
with phosphor paint results either on the side, top, or 
bottom surface for selected runs. 
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I I . APPARATUS 


2 .1 Wind Tunnel . 

The Hypervelocity Wind Tunnel F (Figure 1) is an electric- 
arc-heated impulse hypersonic wind tunnel of the hotshot type 
developed at AEDC . The test gas, nitrogen or air, is initially 
confined in an arc chamber by a diaphragm located near the 
throat of a convergent-divergent nozzle. For the present 
tests, nitrogen was used as the test gas. The gas is heated 
and compressed by an electric arc discharge resulting in 
rupture of the diaphragm and subsequent expansion through a 
4-degree half-angle conical nozzle to a maximum diameter of 
108 inches . Testing is possible at either the maximum diameter 
for Mach numbers from 13 to 22 or at the 54-inch diameter 
station for Mach numbers from 10 to 17. Useful runs times 
between 50 and 200 msec, are obtained. The present tests 
were conducted at the 54-inch diameter station with a useful 
run time of approximately 100 msec, utilizing the 4-cubic-foot 
arc chamber . 

2.2 Model . 

A 1.1 percent scale model of the McDonnell Douglas 
(MDAC) delta wing orbiter (DWO) mounted on the support sting 
in Tunnel F is shown in Figure 2. The axial modoL length 
exposed on the lower surface centerline, including the elevon 
and body flap, is 21.35 inches. The body flap and elevon were 
at 0-degree deflection and fabricated as a continuous surface 
with the fuselage lower surface. There were no breaks or 
gaps where the full-scale body flap and elevon hinge lines 
are located. In addition, the vertical tail and rudder were 
fabricated as one continuous surface in the undeflected 
position. The model fabrication consisted of a stainless 
steel lower surface up to the model reference pLane (See 
Figures 2 and 3) with the fuselage upper body and vertical 
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.Lin made of a Fiberglas R composition . A complete Layout of 
tlio model showing ail. instrumentation locations is shown in 
Figure 3 . The modeL was constructed at AEDC from loft lines 
supplied by McDonnell Douglas (Drawing No. 255BJ00050, Rev. B) . 
Cross-sections at all instrumented stations are illustrated 
in Figure 4 . The model dimensions corresponding to the 
instrumented cross-section views are tabulated in Table I . 

The SADSAC number tabulated in Table I corresponds to the 
gage location on magentic tape. For two selected runs a 
three-point pitot survey was obtained at Station 2000. De- 
tails of the survey rake are illustrated in Figure 5. In 
addition, the model geometry is illustrated in SADSAC format 
in Appendix I . 

2.3 Instrum entation . 

Model heat transfer rates were measured with slug 
calorimeters and coaxial surface thermocouples. The slug 
calorimeters have a thin-film platinum resistance thermometer 
to sense the temperature of an aluminum disk which is exposed 
to the heat flux to be measured. The calorimeters are opti- 
mized to measure a given range of heat transfer by appropriate 
selection of the aluminum disk thickness . The coaxial surface 
thermocouple is comprised of an electrically insulated chromel 
wire enclosed in a constantan cylindrical jacket. A thin film 
junction is made between the chromel and constantan at the 
surface. In practical measurement applications, the surface 
thermocouple behaves as a homogeneous, one-dimensional, semi- 
infinite solid. The instrument provides an electromotive 
force (E.M.F.) directly proportional to surface temperature 
which may be related by theory to the incident heat flux. 

All heat-transfer gages were bench calibrated prior to their 
installation into the model. The precision of these cali- 
brations is estimated to be ±3 percent . Post test calibrations 
were made for the majority of gages with calibration repeat- 
ability being within ±3 percent . 
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To monitor the tunnel conditions, two 1.0-inch diameter 
hemisphere cylinders instrumented with slug calorimeters were 
installed in the test section at an appropriate distance from 
the model to eliminate shock interference . A pitot probe 
was located near each hemisphere cylinder to measure the 
normal shock stagnation pressure. The reservoir pressure 
and pitot pressures were measured with strain-gage type 
transducers developed at the AEDC-VKF . Detailed information 
concerning the heat -transfer and pressure instrumentation 
can be found in Reference 1. 

Model flow-field Schlieren photographs were obtained 
during the test. A typical photograph is shown in Figure 6 
with the model at 10 degrees angle of attack . 

2 .4 Phosphor Paint Requirements . 

The following is a discussion of the equipment used 
to obtain the thermographic phosphor paint data. 

2.4.1 Ultraviolet Light Sources . 

The ultraviolet light needed to excite the phospho- 
rescence of the paint was generated by an Osram Xenon gas 
bulb XBO 1600w powered by an Ingersoll Product d .c . supply. 

Three units were used for these tests. Each unit had 
a heat-absorbing glass and filter to eliminate all but the 
3650 A (black light) wave length light . 

2 .4 .2 Cam era . 

Four view-cameras with 4- x 5-inch Polaroid backs wore 
used to record the pictures: two with 145mm lens were 

located on the side of the tunnel and two with 163mm lens 
were on the bottom. Each camera had a set of filters to 
pass only the 5000 to 6000 A light emitted by the paint. 

Type 57 Polaroid (ASA 3000) film was used to record the 
image . 
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2 .4 .3 Microdensitometer . 


The optical density distributions of the pictures were 
read and recorded on a magnetic tape by a P - 1000 Photoscan 1 * 
manufactured by Optronics International. The Photoscan is 
owned by the Biology Division of Oak Ridge National Laboratory. 
The data on the magnetic tapes were input to the VKF CDC 1604B 
computer which was used to create contour mappings of heat- 
transfer rate. 


III. PROCEDURES 


3 . L Test Techniques . 

3,1.1 Model Installation . 

The McDonnell-Douglas delta wing orbiter was tested over 
an angle of attack range from 10 to 60 degrees . Two tunnel 
runs were required to provide a continuous Reynolds number 
variation from 24 x 10 6 to 5 x 10 6 based on model length at 
a fixed angle of attack. Typically, the high Reynolds number 
range run was made with the model lower surface up, and the 
low Reynolds number range run was made with the model lower 
surface down at the same model angle of attack. This procedure 
provided camera coverage for the phosphor paint technique on 
the model top, side, and lower surface at the same angle of 
attack. The painted surface locations are summarized in 
Table II . 

The sector angle range at the 54-inch diameter test 
section is ±20 degrees. Consequently, a prebend was required 
for the high angles of attack. In addition, the model sting 
had an effective 20-degree insert angle. The two sting 
arrangements used for these tests are illustrated in Figures 
7 and 8. For angles of attack up to and including 40 degrees, 
the sting arrangement illustrated in Figure 7 was used. For 
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angles of attack equal to and greater than 40 degrees, the 
installation shown in Figure 8 was used. Both sting instal- 
lations were used at 40 degrees angle of attack. 

3.1.2 Testing with Phosphor Paint . 

The test section set-up with the shuttle model is shown 
in Figure 9. The locations of the Osram u-v light sources 
and still cameras are depicted. It was necessary to Locate 
the two side cameras at the downstream end of the Schlieren 
windows to allow Schlieren optical coverage. The Osram Light 
on the top of the tunnel had to be reflected onto the model 
because of the limited space between the tunnel and an over- 
head I-beam support for the Schlieren system . 

The phosphorescent paint technique consists of photo- 
graphing the painted model surface and measuring the optical 
density of the recorded image. The optical density of a 
photographic image is a function of the logarithm of the 
intensity of the exposure, for a given exposure time 
(Reference 2), as illustrated by the figure below. 
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>> 

+■* 

•r-4 

W 
C 
CD 
p 

r—1 

a 
u 

•H 
+-> 

Q. 

o 



Thus, if the exposure from the phosphorescent paint JaLLs 
within the linear region (i.e., logarithmiea L Ly Linear), the 
optical density (D) is given by 
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D = AjgnB + C 


From the paint characteristics 


fnB =- in fj_(I) + f 2 (I, T w ) ; 

therefore, 

D = kin f L (I) + Af 2 (I > T w ) + C 

i 

where I is the u-v light intensity, B is the emitted tight 
intensity (brightness) of the paint, and A and C are con- 
stants. For small changes in intensity (I), the functional 
relation i '2 is given by 


f 2 ( 1 ’ T w> T w 

When using the phosphorescent technique in the wind tunnel, 
the procedure is to take a photograph of the model before the 
tunnel run (i.e., a tare) and then take another picture during 
the run. It is necessary that both pictures be taken in the 
"linear" region of the optical density curve. When the 
optical density of the tare photograph is subtracted from the 
optical density of the run photograph, 

D - a (T w - T w ^) 

where the subscript i indicates the initial conditions; i.e., 
the tare photograph taken before the run . 

It can be shown that the quantity (T w - T w ^) is pro- 
portional to the heat-transfer rate to the model surface, 
for T w « T aw , and relatively short heating times (<^ 1 second) 
regard Less of whether the "heat-transfer model" assumed for 
the technique is a semi inf init e slab (either a relatively 
thick layer of paint or a thin layer of paint mounted on a 
thick layer of material) or an infinite plate. This, of 
course, means that the optical density difference, D - , 
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is then proportional to the model heat-transfer rate. 


D - = AD a q 

The best way of evaluating the constant of proportion- 
ality is to measure a few heat-transfer rates with standard 
heat transfer instrumentation at the same time the paint data 
arc taken. Heat-transfer rate as determined from gages gives 
a calibration for the paint, so the paint data yield the 
detaiLed heat -transfer rate distribution over the model. 

3 .1.2.1 Wall Material . 

The phosphor paint is applied as a thin coating to the 
model; therefore, the model wail material must be selected 
to give an observable temperature rise for the expected heat- 
transfer rate. The wall material selection, many times, is 
based on other things such as strength; hence, when the model 
material is not suitable to the paint technique, coatings 
are applied to produce the proper surface properties . 

3.1.2 .2 Phosphor Application . 

The phosphor paint is a mixture of the phosphor material 
and a binder. The phosphor material is a fine grain powder 
(~ 10|j. average size) of ZCdS (zinc-cadium-su If ate) with 
silver and nickel additives whose concentration control the 
temperature range of the phosphorescence . The binder can be 
any transparent or translucent liquid which can be sprayed . 
Normally, clear dope or epoxy is used. 

3 .2 Test Conditions . 

A summary of the test conditions is given in TabLe II. 

A complete tabulation of all pertinent tunnel conditions is 
given in the Appendixes. In summary, the majority of tests 
were conducted at an approximate Mach number of L0.5 over a 
Reynolds number range from 5 x 10 6 to 24 x 10 6 based on model 
length . 
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3.3 Data Reduction. 


3.3.1 Model Instrumentation and Tunnel Conditions . 

A complete description of the data reduction equations 
for the heat-transfer and pressure transducers is given in 
Reference 1. The method of determining flow conditions is 
briefly summarized as follows: instantaneous values of PO 

and POP are measured and an instantaneous value of QO is 
inferred from a direct measurement of a shoulder heat rate 
on a 1.0-inch diameter hemisphere cylinder heat probe. 
Velocity, hence enthalpy (HO) , is calculated from measured 
values of POP, <^0, and the heat probe radius, using Fay- 
Riddell theory, Reference 3. With values of PO, POP, and 
HO known, the remaining flow conditions (M^, Re^/ft., etc.) 
are calculated as described in References 4 and 5. The HREF 
(heat transfer coefficient) value reported herein is based 
on the inferred QO value as described above. Since the 
Fay-Riddel 1 equation is used to calculate HO with a known 
value of QO, the value of HREF tabulated herein is consistent 
with a Fay-Riddell value for the given test conditions. For 
the short run times experienced in a hotshot tunnel, the 
model wall temperature ratio (T w /TO) varied between 0.15 and 
0.30, which approximates the condition of practical interest 
of reentry vehicles . 

3.3.2 Thermographic Phosphor Paint . 

The optical density distributions on the tare and run 
pictures are read and recorded by the scanning microdensito- 
meter . The tare density is subtracted from the run density 
on the VKF-CDC 1604B digital computer, and the density dif- 
ferences are plotted on a CRT plotter (one density difference 
per plot). Each plot (i.e., density difference) is assigned 
a color and copied by hand in that color so that a color 
composite of all the plots is made . The boundaries of the 
colors are retraced, and the reference heat gages and model 
outline are located on this tracing. 
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The heat gage measurements and the optical density 
differences are plotted to obtain a relationship between the 
two. The relationship gives the heat-transfer values corre- 
sponding to the color regions. These values are noted on the 
color tracing, thereby resulting in a contour mapping of the 
heat-transfer rates on the model . 

The model image is distorted by the viewing angle of the 
camera. This distorted view is reflected in the final con- 
tour mapping presented in Appendix IV. However, all plots 
from the paint results are in a true normal projection, since 
the heat transfer gage locations were used to scale the 
centerline and span results that are plotted herein. 


IV. DATA PRESENTATION 


The following data presentation is presented in the 
Appendixes : 

I . Model Component Description (SADSAC Format) 

II . Tabulation of Gage Measurements and Tunnel 
Conditions 

III . Selected Top and Bottom Surface Centerline 
Plots of Gage Measurement Results 

IV. Selected Plots of Heat-Transfer Results 
Using the Phosphor Paint Technique 

Table III, Page 25 -a presents a summary index of the above plotted 


data. 
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Fig. 2 Photograph of the McDonnell 



McDonnell Douglas Delta Wing Orbiter Model 
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All Contours Obtained from McDonnell Douglas Loft Lines. 
Dwg. No. 255BJ0Q050 Rev. "B" of Delta Wing Orbiter. 
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P0T1 - 0. 50 in. 
POT2 - 0. 75 in. 
POD - 1. 00 in. 


Note: 1. Survey rake is located along model centerline at 
Station 2000, x/£ - 0. 916, and y - 0. 

2. Maximum thickness of rake exposed to flow is 0. 25 in. 

Fig. 5 Details of the Pitot Pressure Survey Rake for the Tunnel F MDAC-DWO Model 
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Fig. 6 Schlieren Photograph of the MDAC-DWO Model in Tunnel 
10 deg angle of attack. 




Fig. 7 Installation of the MDAC-DWO Model in 
Tunnel F at 40 deg Angle of Attack 
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Fig. 8 Installation of the MDAC-DWO Model in 
Tunnel F at 60 deg Angle of Attack 
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Fig. 9 Equipment Set-Up for the Phosphor Paint Technique 




TABLE I 


INSTRUMENTATION LOCATIONS FOR THE TUNNEL F MDAC-DWO MODEL 


Pressure Sensors, Lo wer Surfa ce 
SADSAC 


No . 

Sta t 1 on 

Ga^e 


x , In . 

x/F 

i 

500 

PU5 


3 .05 

0 .143 

2 

1133 

POlt . 

w 

10 .00 

0 .469 

3 


PH 1 1 . 

:ja 

10 .00 

0 .469 

4 


Ptlll . 

3D 

10 .00 

0 .469 

5 

1500 

Pill 5 


14 .05 

0 .658 

6 

2000 

PB20 


19.55 

0 .916 

Pressure 

Sensors t Top 

i Stir face 




SADSAC 






No . 

Stat Ion 

Ga«e 


x , In . 

x/l 

7 

1200 

PT12 


10.75 

0.503 

8 

1700 

PT 17 


16 .25 

0.761 

Pressure 

Sensors, Flow Field 




SADSAC 






No . 

Station 

Game 

YP, tn. 


9 

2000 

POT 1 


0.50 


10 

' 

POT2 


0 .75 


11 


POT 3 


1 .00 


Heat Transfer Sensors. Lower Surtace 



SADSAC 






No. 

Stat Ion 

Ga^e 

x , In . 

x / 1 

y , in . 

1 

300 

QB3 

0 .85 

0 .040 

0 

2 

350 

QB3 .5 

1 .40 

0 .065 

0 

3 

400 

QB4 

l .95 

0.091 

0 

4 

600 

QB6 

4 .15 

0 . 194 

0 

5 

800 

QB8 

6 .35 

0.297 

0 

6 


QB8A 

6 .35 

0 .297 

1 .00 

7 

950 

QB9 .5 

8 .00 

0 .374 

0 

8 

1100 

QB11 

9 .65 

0 .4 52 

0 

9 


QB11A 

9 .65 

0 .4 52 

1 .00 

10 


QB11B 

9 .65 

0 .4 52 

1 .60 

1 1 

1200 

QB12 

10 .75 

0 .503 

0 

12 

1300 

QB13 

11 .85 

0 .555 

0 

13 

1400 

QB 14 

12 .95 

0 .606 

0 

14 


QB14B 

12 .95 

0 .606 

1 .60 

15 

1550 

QB15 .5 

14 .60 

0 .6H4 

0 

16 


QBI5.5K 

14 .60 

0 .684 

l .00 

17 


QB15 -5A 

14 .60 

0 .684 

1 .00 

18 


QB15 ,5C 

14 .60 

0 .684 

2 .25 

19 


QB15 .50 

14 .60 

0 .684 

3 .00 

20 

1700 

QB 17 

16 .25 

0 .761 

0 

21 

1800 

QB18E 

17 .35 

0 .813 

5 .00 

22 

1900 

QB19 

18 .4 5 

0 .864 

0 

23 


QB19R 

18 .45 

0 .864 

1 .00 

24 


QB19A 

18 .45 

0 .864 

l .00 

25 


QB19B 

18 .45 

0 .864 

l .60 

26 


QB19D 

18 .45 

0 .864 

3 .00 

27 


QB19E 

18 .45 

0 .864 

5 .00 

28 

2100 

QB2 1 

20 .65 

0 .967 

0 

29 


QB21B 

20 .65 

0 .967 

l .60 

30 


QB21D 

20 .65 

0 ,967 

3 .00 

31 


QB21E 

20 .65 

0 .967 

5 .00 


y , In ■ 
0 
0 

1 .00 

2 .08 

0 

0 


y/ymax 

0 

0 

0 .<165 
0 .967 

O 

0 


y , In . yf ymax 


z. In . 


*max 


y/ymax 

0 

0 

0 

0 

0 

0 .59 
0 
0 

0 .48 
0 .77 

0 

0 

0 

0 .56 
0 

0 .27 
0 .27 
0 ,62 
0 .82 

0 

0 .91 
0 

0 .17 
0 .17 
0 .27 
0 .50 
0 .84 

0 

0 .25 
O .47 
0 .78 


0 

0 

0 

0 

0 

0.13 

0 

0 

0 .05 

0 .20 

O 

0 

0 

0 .06 

0 

0 

0 

0.18 

0 .45 

0 

1 .23 

0 

0 

0 

0 

0 .24 

0 .66 

0 

0 .04 
0 .27 
0 .62 


0 

O 

O 

0 

0 

0.042 

0 

O 

0 .012 
0 .050 

0 

0 

0 

0 .015 

0 

0 

0 

0 .04 5 

0 .112 

0 

0 .305 

0 

0 

0 

0 

0 .060 
0 .165 

0 

0 .17 

1 .13 

2 .58 


23 









GO 

CB 



cn cn •*»> Ok iU 

*p. 

0k 4k 0k 4k 0k 0k 

CO CO CO CO 

CO CO 

CO 

CO 

25 > 

(0 



h o © oo 

CD 

cn Ok co to »— 1 o 

CD 00 *0 CD 

cn 0 k 

CO 

to 

o o 

p 










• CO 

r+ 










> 











o 

H 











n 











p 











a 











0) 










w 




t-* 

t- 1 






rf 

CD 



to 

oo 

tn 

h-* 

00 

CD 

Ok 

p 

*-5 



o 

o 

cn 

o 

o 

o 

o 

rf 




o 

o 

o 

o 

o 

o 

o 

H- 

CO 










o 

CD 










IP 

a 











0) 











0 











*-s 











0) 



JO /D /D JO /O 

«o 

JO JO JO JO JO <o 

JO JO JO JO 

JO JO 

JO 

.o 


V- 



Si =S H H *-3 

H 

< aS H H H H 

H H H i-3 

H H 

H 

H 

o 




h- 1 t-“ t-> h- 1 h- 1 

h- 1 

t— ■* h— 1—* I—* »— 1 1—* 

I— 1 t— ^ t— 1 t— * 

00 00 

o 

Ok 

P 

»-3 



CO CO <D CD <D 

00 

cn cn cn cn cn cn 

1— ' 1— ' »— • t — * 

o 



00 

o 



ro > O D3 > 



O CD > 




cd 

•o 





cn cn cn cn cn cn 











33 > O CO > 






cn 






















H, 











p 



M t—* t— 1 t— * h- * 

h- 1 

H H H H H H 





X 

o 



00 00 00 00 00 

< 1 

Ok 4k 4k Ok 4k 4k 

CD CD CD CO 

CD CD 

0k 

K-* 


CD 



ifk »£». tt* 

CO 

® CD CD 05 O CD 

CT) 03 0) 03 

co"co 

h-» 

CO 

H* 




oi cn cn cn cn 

O' 

o o o o o o 

cn cn cn d 

cn cn 

cn 

Cn 

a 













rs 











o 











o 

H 

o o o o o 

o 

o o o o o o 

o o o o 

o o 

o 

o 



a 

> 


• 


• • • • 

• • 

• 

• 

X 


o 

C3 

00 00 00 00 00 

00 

<D CD (D CD O) CD 

4k Ok Ok 4k 

to to 

t- 1 

o 

\ 


f- 1 

r 

CD CD CD <D CD 

t— 1 

00 00 00 00 00 00 

cn cn cn cn 

CD CD 

CD 

CO 



c 

M 

4X >tk £k 

CO 

4k 4k Ok 4k 4k 4k 

to to to to 


4k 

t-* 



a 











CD 

h-« 










a 




















•< 




iMOHHO 


tOtOHHO 

1— 1 H - O 

I-* 



»• 





o 

o 

. . . o 

. o 

o 

o 





*0 co to 00 


^ to 00 

Ok to 00 

(-> 







CO o -o o o 


cn cn co to m 

co to t— * 

00 



a 





o o o o o 


o o o o o 

o o o 

o 





o 


• • • CD 

. o 

o 

o 

•< 

V) ^ to to M 


<1 CO CO to 

CD cn co 

CD 



a 

btk O' to O CO 


cn cn cd co to 

00 00 00 

CD 



p 

H H © O ^ 


HHHUH 

O <1 CD 




X 








N 

H O H to CO 

4k 

H H H M U itk 

1— * tO CO 4k 

tr* CO 

to 

t-> 

- 

r-< 00 00 «0 <D 

"o 

o o oo kj oi o 

00 O CD o 

00 M 

to 

to 

H* 

I-' cn co co co 

to 

to co -j -4 -j to 

kj -0 to 

4k CO 

cn 

<1 

3 


o o o o o 


OOOOOf ooo»-> 


O t— ' t-> h-» 


to to >£»• cd co o 

00 H O © H O 


to to O) © O I^S)©0 

Oiy!*)©HO *0 © H O 


in o o 
« o o 


o 

o 


N 

\ 

N 

3 

SO 

>1 


Pk 


TABLE II 


TEST SUMMARY FOR THE TUNNEL F MDAC-DWO MODEL 


a, Deg. 

Run 

~ Moo 

~Reoo , £ 


Model 
Orien- 
tat ion# 

Phosphor 

Paint 

Area 

Final 

Paint 

Picture 

10 .0 

3654 

10 .0 

8-22 

X 

10 6 

U 

1, 

3 


1, 3 

10 .0 

3656 

10 .2 

8 

X 

10 6 

D 

1, 

2, 

3 

side 

20 .0 

3650 

10 .4 

6-10 

X 

10 6 

D 

1, 

2, 

3 

3 

20.0 

3651 

10 .7 

10-20 

X 

10 6 

D 

1, 

2, 

3 

2, 3 

20 .0 

3652* 

10 .3 

9 

X 

10 6 

U 

1, 

3 


1, 3 

25 .0 

3667 

11 .2 

2-6 

X 

10 6 

D 

1, 

2, 

3 

2 

30 .0 

3653 

10 .4 

7-20 

X 

10 6 

U 

1, 

3 


1, 3 

30 .2 

3655 

10.5 

5-17 

X 

10 6 

D 

1, 

2, 

3 

2, 3 

40 .5 

3657 

10 .4 

9-11 

X 

10 6 

U 

1, 

3 


1, 3 

40 .2 

3661 

10.5 

6-13 

X 

10 6 

D 

1, 

2, 

3 

2 

45 .0 

3660 

11 .9 

7-10 

X 

10 6 

D 

1, 

2, 

3 

3 

45 .2 

3662 

11 .4 

2-5 

X 

10 6 

D 

1, 

2, 

3 

2 

45.0 

3663 

11 .8 

3-9 

X 

10 6 

D 

1, 

2, 

3 

2 

51 .0 

3659 

10 .7 

7-22 

X 

10 6 

U 

1, 

3 


1, 3 

50 .2 

3664 

10 .5 

5-9 

X 

10 6 

D 

1, 

2, 

3 

2, 3 

60 .5 

3658* 

10 .6 

6-24 

X 

10 6 

U 

1, 

3 


- 

60 .2 

3665 

10 .4 

5-11 

X 

10 6 

D 

1, 

2, 

3 

3 


cfc 

Model Orientation: D - Model Lower Surface Down Toward 

Tunnel Floor 

U - Model Lower Surface Up Toward 
Tunnel Ceiling 

*Three point Pitot Survey 

Phosphor Paint Legend: 1 - Fuselage Top and Wing Top 

2 - Entire Lower Surface 

3 - Fuselage Side and Vertical Tail 
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REYNOLDS NUMBER, Re/L X 10 6 ANGLE OF ATTACK- 































APPENDIX I 

MODEL COMPONENT DESCRIPTION (SADSAC FORMAT) 
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MODEL COMPONENT DESCRIPTION 
(S ADS AC FORMAT) 


MODEL COMPONENT: BODY - MDAC Orbiter 


GENERAL DESCRIPTION: Basic fuselage contours including canopy. 

model scale: 0.011 


DRAWING NUMBER: 255 BJ 00050. 

Rev . B 


DIMENSIONS: 

FULL-SCALE 

MODEL SCALE 

Length (ft.) 

156.4 

1.720 

Max. Width 

27.1 

.298 

Max. Depth 

30.3 

.333 

Fineness Ratio 
Area (ft 2 ) 

Max. Cross-Sectional 

627.4 

.0759 

Planform 

3790.0 

.459 

Wetted 

12520.0 

1.515 

Base 

447.0 

.0541 


NOTE: All units are ft. or sq. ft. 

This data includes both sides of the vehicle. 
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MODEL COMPONENT: 


Elsvon - MDAC Orbiter 


GENERAL DESCRIPTION: Model Scale: O.Oll 


DRAWING NUMBER : 255 BJ 00050, Rev . B 


Di g IONS: FULL-SCALE 

Area , ft 2 963.0 

Span (equivalent) , ft. 73.7 

Inb'd equivalent chord, ft. 12.8 

Outb'd equivalent chord , ft. 12.8 


Ratio Elevator chord/horizontal 
tail chord 

At Inb'd equiv. chord 

At Outb'd equiv. chord 

Sweep Back Angles, degrees 

Leading Edge p p 

Tailing Edge p.p 

Hingeline p p 

Area Moment (Normal to hinge line) 


MODEL SCALE 

.117 

.811 

.141 

.141 


0.0 


0.0 


0.0 


NOTE: All units are ft., sq. ft., or degrees. 

This data includes both sides of vehicle. 
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MODEL COMPONENT: Body Flap - MDAC Orbiter 

GENERAL DESCRIPTION: Model Scale: 0.011 


DRAWING NUMBER: 


255 BJ 00050, Rev. B 


DIMENSIONS: 

Area , ft 2 

Span (equivalent) , ft. 

Inb'd equivalent chord , ft. 

Outb'd equivalent chord , ft. 

Ratio Elevator chord/horizontal 
tail chord 

At Inb'd equiv. chord 
At Outb'd equiv. chord 
Sweep Back Angles, degrees 
Leading Edge 
Tailing Edge 
Hingeline 

Area Moment (Normal to hinge line) 


FULL-SCALE 

140.88 

23.81 

5.333 

12.80 


0.0 

0.0 

0.0 


MODEL SCALE 

.0170 

.262 

.0587 

.141 


0.0 

0.0 

0.0 


NOTE: All dimensions in ft., sq. ft., or degrees. 

This data includes both sides <?f vehicle. 
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MODEL COMPONENT; WING - MDAC O rbiter_ 
GENERAL DESCRIPTION: Model S cale: Q.on 


DRAWING NUMBER: 


255 BJ 00050, Rev. B 


DIMENSIONS : 

TOTAL DATA 

Area , ft 2 
Planform 
Wetted 

Span (equivalent) 

Aspect Ratio 
Rate of Taper 
Taper Ratio 

Diehedral Angle, degrees 
Incidence Angle, degrees 
Aerodynamic Twist, degrees 
Toe-In Angle 
Cant Angle 

Sweep Back Angles, degrees 
Leading Edge 
Trailing Edge 
0.25 Element Line 
Chords: (ft.) 

Root (Wing Sta. 0.0) 
Tip, (equivalent) 

MAC 

Fus, Sta. of .25 MAC 
W.P. of .25 MAC 
Airfoil Section 
Root 
Tip 

EXPOSED DATA 


FULL-SCALE 

MODEL SCALE 

5330. 

.645 


97.5 

1 . 073 

1.68 

1.68 


0.230 

. 230 

10.0 

10.0 

— 2,0 

2.0 

0 

0 

0 

0 

0 

0 

- 55.0 

55.0 

0 

0 

47.0 

47.0 

90.43 

.995 

20.80 

.229 

63.30 

.696 



0010-64 

0010-64 

0012-64 

0012-64 


Area , Ft , 3147.3 

Span, (equivalent) ft. ‘ 70.5 

Aspect Ratio 1.47 

Taper Ratio 
Chords , (ft.) 

R°°t 71.25 

Tip 20.80 

MAC 52.20 

Fus. Sta. of ,25 MAC 

W.P. of .25 MAC 


NOTE: 


All units are ft., sq. 
This data includes both 


ft. or degrees. 

.^Ldes of the vehicle 


_v38JL 

JU3. 

JU.4,,7- 


.784 

.229 

.574 




MODEL COMPONENT: 


Vertical Tail 


MDAC - Orb iter 


GENERAL DESCRIPTION: Model Scale: 0.011 


DRAWING NUMBER : 255 BJ 00050. R ev . B 

DIMENSIONS: . FULL-SCALE 


TOTAL DATA 

Area , ft 2 

Planform 580.0 

Wetted 

Span (equivalent), ft. 27.5 

Aspect Ratio l .30 

Rate of Taper 

Taper Ratio .638 

Diehedral Angle, degrees o 

Incidence Angle, degrees o 

Aerodynamic Twist, degrees o 

Toe-In Angle o 

Cant Angle o 

Sweep Back Angles, degrees 

Leading Edge 30.0 

Trailing Edge 13.4 

0.25 Element Line 26.2 

Chords: (ft.) 

Root (Wing Sta. 0.0) 25.75 

Tip, (equivalent) 16.42 

MAC 21.43 

Fus. Sta. of .25 MAC 

W.P. of .25 MAC _ ~~ 

Airfoil Section 

Root 0009-64 

Tip 000^-64 ' 

EXPOSED DATA 

Area ft 2 580 .- 

Span, (equivalent), ft. ^7.5 ~ 

Aspect Ratio 1.50 

Taper Ratio 
Chords (ft.) 

Root 25.75. 

Tip 16752 

MAC 21.43 

Fus. Sta. of .25 MAC 

W.P. of .25 MAC “Z" -- 


MODEL SCALE 


.702 


.303 

1.30 

.638 

0 

0 

0 

0 

0 


30.0 

13.4 

2672 


.283 

.181 

T336 


0009-64 

W0"9-64 


.702 
'7303 
173 cr 
'7638 

.283 

TT5T 

.236 
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MODEL COMPONENT: 


Rudder - MDAC Delta Wing Orbiter 


GENERAL DESCRIPTION: Model Scale: O.Oll 


DRAWING NUMBER : 255 BJ 00050. Rev . B 


DIMENSIONS: 

Area , ft . 2 

Span (equivalent) , ft . 

Inb'd equivalent chord, ft. 

Outb'd equivalent chord , ft. 

Ratio Elevator chord/horizontal 
tail chord 

At Inb'd equiv. chord 
At Outb'd equiv. chord 
Sweep Back Angles, degrees 
Leading Edge 
Tailing Edge 
Hingeline 

Area Moment (Normal to hinge line) 


FULL-SCALE 

213.9 

27.5 

9.50 

6.10 


^369 

.369 


30.0 

13.38 


19.95 


NOTE: All units are ft., sq; ft., or degrees 


MODEL SCALE 

.0259 

.303 


.105 


.0671 


.369 

.369 


30.0 

13.38 

19.95 
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APPENDIX I I 
TABULATION 

OF GAGE MEASUREMENTS AND TUNNEL CONDITIONS 
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'**~ f *Uh 3659 NASA-SIS TEST - 

j!ii*c*!.DKa 


[— (AKD. ihc.i IBMII n 4FS. TFnm. 1 
VON KAHMAN OAS DYNAMICS FACILITY 
— KW/ERSONiC. HOIiHOl - IUNNEL- F..... 


TEST-CnNOlTlONS TF5T GAS NITROGEN 

ANOLE of ATTACK 20.000 uEG. AnGlE OF T Aw 

TIME P- INF Who- I NF t-InF U-I NF w"-INF" Q-Tnf" 

—bsec. P.si».xeM/CLi-f.t.aEo..a.fi/s£c .es.iA... 

21. « 1 1 06*10 .0 02 « 1H 90. 1 5jWJ 10. *4 8. .AH 

100 .103904 .002558 106.1 5166 10. .3 7.412 

..—1.05., .099 146, .002353 . 110. I, ,“444,1(1,41, .7.519. 

110 .094554 .002266 lofl.9 5417 10.41 7.177 

12ll., .088835 .,0021«H 138.0,. 5365 10.36 6.667 

122 .024591 .002065 106. a 5154 10.30 6.35o' 

L3t — ^H93.va_.aflJl a 26 114 .2 54 65 In. 26 5.h7q 

PRESSURE DATA ( MR£ SSLRE / POP I 


0 OEO. 
HE/FT RE 


ANGLE of ROLL 


-I . Ir . Of a ? lP— aB.E£— BAS.6P— ON_ .1 22 Im Ch RADIUS 
.0 OE(i. model LEnuTh 21.351 INCHES 


RE/FT RE-L V-|NF 20 ' TO HO oio'BTO/ ■' Sfo' mr'e'f'VtO/ 

..*U.r6 *3.0-6 P51A...DEG. Jl...aTU/LHM...SOFJtrSEC -SOFt.-SeC. M. 

,QQZ53 5654_^069_5 JL ,6Q5 La2 __158 . Q ,05 448 .inv,B 

5.0309 6.6512 <00326 5411 2218 5.988F 02 166.4 .02611 .099l7 

-4.5335. ..6.C663 ..00342 5180 2294 ,6.1B9F . 02.. 170.6-857*9 


4.3961 7.P218 .00347 

.4.1578. ..7. 3376 ..00355. 
3.4390 7.0085 .0036? 


-565.4 20 69 

5411 3218 

5180. 2294 

4964 2274 

.4516... 2237 
*217 2233 


-SjlAQ? E_ .0.2 — L5.fi. J1 .024 48 ,|.o 3 30. 

5.988F 02 166.4 .02611 .09917 

.6.189F 02-- 170.6 ,-.02/45,, 09 725 
6.12Bfi 02 164.2 .02789 .09465 

■ 6.012F .02 - .153.6. ..,0?U51... .0905* 

5.991F 02 149.1 .02413 . 0 H»10 

<3m5*5_ 


TIME 

P85 

P8U.3B 

Pol 5 

PB20 

PT12 

IOC 

.??64S 

•0B4H6 

.13/46 
- 1 3.4^7 

. 1 1 3*7 
.1 in s p 

•on?63 

105 

.22476 

.0835* 

.13*7? 

.11099 

.00283 

lit. 

22513 

..,08525 . 

.,13bS4, 

,109*5. 

. .00289.. 

12C 

.22319 

.08198 

.13o22 

.10889 

.00275 

128 

— -.22168 

..,08218 . 

-.12460,. 

,10687.. 

-.00291 .. 

136 

.22071 

.08072 

.13030 

.10*75 

.0031 1 

HEAT 

TRANSFER 

Data (h 

/ Hnf.F ) 




t i"m"e" uh' 3 ob 3; 6' 

?*. 0 1 ““3 .... J 379 7 

100 .11606 .12102 

LQ5 OJ ? L4 .10356 

110 .1 1.10 7 .09960 

l.?0,„.,|-6“l .. .09050 

I2e .10429 .04214 

1.36 .15620 .0?4fl5. 

TIME OP l * . 5C QHlS.50 

45 . i £ s 72' .?r 0 -?r 

..SW'.-J.OO ... 4.P167 .J8533 

105 . 1 f9 1 9 .(4672 

110 • 1 0 3 0 * . .139-5 

l2ll .p«461 .11366 

L28 <£.7569 ,09.6.5 8_ 

136 .07123 .o9l*o 


UrU 

. 1“ 1 31 . 
.11964 

■OlSlPL. 

.09283 
,08*07 
. 08*27 
. .Q 856 S . 

Oo 1 7 

•1*312 

. 1 39 J 4 
. 1 3769 
.13916. 
.12691 
,1 1 “-uL_ 
•09.24 


(jflV QH8 

..1*789 .16967 

.11527 .15963 

-.0.471 0 .11 13-. 

.07*18 .11561 

-.05325. ...09239 
.0519* .06986 

-.05172., ..08612.. 


UbbA " QM.'V WiT"" ob'ITa 

.,055“ 1 . ...1155 3. ...1Q3S3....U135 
.05118 .1076* .09663 .12011 

_0 “«4 3 . as Q a 3 <3.3 3.9fl < 3 1035 

.047.3 .0/664 .07351 .10314 

-.03464 ...,05761... ,05551. ..09* 15 
.03782 ,06200 .05033 .08276 

..03604 .. .0*95 1.. .<04722.... n7Q2* 


J}H)HE OB 19 0819R OH 1 5 A 

. 257 35 . 1 1 595 ,1o58 7 . 0 4 4 c 7* 

.2?35 0 . .. 11186... ,lul*3 .0921“ 
.2031 1 . 1 1073 . 1 01 12 . 0-4127 

. 1 76p9 . . . 1 o79* ...#3o228 .09q43. 

•13942 .InOoH .0*228 

-• 12812 <089.43 55?25 < 0 bdoS 

• 120«9 .07439 . 0545 6 


08 198 08 1 9 D 

•13011 • 1 l8 1 9 

. • 123*7... .11369 
•11269 .|q9“2 

. *10294.. . .10453 
•0635“ .11016 

— <0/334— — <4-.)481 
•0572? .o85'7i 


udiid 

uB 1 3 

QB I48 

UB15.5 

QH15.5R 

aaisisA 

,,09892.. 

,1122*. 

.,1656*. 

-,12156 

,,14157. 

,.1*923 

.08372 

• 1 

.15333 

.1192* 

.13633 

.1*517 

*Q77.t>5 .1 

— .12051 02623 03816. 

.0/003 

.08213 

.12873 

.12158 

.138*2 

.12448 

,06 766 .. 

.062*3 

. .11038 

.,11329 


, .10885 

.06^8* 

.05110 

.0901* 

.04982 


.08565 

, . 054 JO., 

.0*272 

,.08168 

-.08532 


,0788/ 

U8_14E_ 

OB?l 

Q82lH_ 

_ 08? 1 D 

0P21E 

OT4 


• 16065 ...04*78 ...06463. 
. I 5 J o2 .09165 .0588* 

-. 14 779 .., 0 916 0 . o55t J 

•10421 ,069*1 .0*12“ 

■ — .©OloV .08098 — 03690— 

•06502 .06971 .03174 


• 04 1 9 7 
-.05987. 
•05621 
. .05646. 
. 0 5 0 0 0 


• 07l 78 . 
. a7oi* . 
.0*902 
. .06806 
.06*75 


•01017 
.01 06 1 . 
• 0 1 132 
•Oll/J 
•0132“ 


-.06*64 .06*6.7 .0J361 . 

•05557 .05257 -01276 


, TIME OTH' "OTPC 01 i'i" " UTllA " 

S5 ....,0121“ — .00923' .00 3*1 . .0028* 

IOC .01226 .005*8 ,003*4 .00244 

— L.1 05 .31 25 2 .,0 0 9. 8 * ..u U .“ 3 0 . 0 0302- 

llC ,01226 .(llOOO , 00“OP .oo?4P 

12l — .Dll 73 ....old* . .00“44 . . .0030 7. 

128 .11111" . 1 1 0 “ 6 .00**3 .00310 

L36 .011*2. ... .01 0*8. . .00“ 7 1 ...0030* . 


OTUH UTllC 0 T 1 5 . 5 
.00563 .01121 ...00537 

.00574 .01104 .00556 

-.00 5 7 U .0.1 131 QO 5 18. 

.00557 .01104 .00516 

, 005*5,, 01 06 8. ,0 OS C5 
.00567 .01460 .00531 

.. 0055,4,... 01 8 15 .00*64. 


QI15.5A f)w 1 5 «5A U a 15.58 OTiH ’ ofioA OtYbC Q»19a LIW198 

...00103. ..,00055 . ...00067. . . 006o3 . . 002 1 J. . . . 00 1 40 . ,0004* . ..00058 

• 0 0 1 09 .00041 .00076 .00544 .00202 .001*5 .000*3 .000*9 

- lOOUJ .J-.OOI1 _ .OQuBU .0 0595 .00205 <00135 .00046. _. 00036 

.001 04 .00042 .0008/ .00579 ,001617 .001 39 .00032 .000*2 

. .001*0.... COO 73 .. .00 081 .005°. 7. ,,00208.. .00155 ....00032... .00030 

•00113 .00045 .00064 .005*5 .00176 .00163 .00033 .00039 

... <0009.7. ..<O0 06.2... « 00 U76.___,005 13 .001 6-4, ,00178.., 00027 ,. 00030 



HEAT TRANSFER OaTA (H / HHEF) 


tine 

083 

'083.5 

984 

QB6 

088 

088A 

089.5 

OBll 

081 1A 

qbub 

0813 

QBUB 

0015-5 

OBIS. SR 

0B15.5A 

.. AS. 

.19496 

.18277 

.1986* 

.19164 

.15513 

.13823 

.12985 

.11552 

.12402 

.12009 

.11270 

.16523 

-.12073 

-.13124 

.13610 

57 

.17107 

.17*38 

.18379 

.17109 

.15200 

.12298 

.11801 

. Io60 1 

.12872 

.11546 

• 099^9 

.16667 

.11016 

.12817 

.13699 

St, 

*16265— .177.76 

. 10J96 ,3.6462 15140 — 

..-U.il*— .11312 .-..Ion I .12958 11667 ..,09600— 169S2 -12210 -13460 .4.3789- 

7e 

.13424 

.17293 

.17623 

.154*9 

.1*587 

.11167 

.10259 

.09245 

.12*07 

.11897 

.08908 

.15940 

.11P49 

.13*90 

.13347 

88 

- .12406 

.16689 

.16560 

.14796 

.14534 

.09665 

.10067 

.09355 

•13141 

.11202 

.094n3 

.16093 

.12171 

.13690 

.13556 

r^- no 

.11319 

.13140 

.12074 

.12193 

.1*550 

.0*002 

.0973* 

.09019 

•126*8 

.09580 

.08737 

.15312 

.12362 

.13977 

.13714 

—125 

.11523 

.12101 

.11215 

.11663 

.14745 

.04383 

. .09723 

.09205 

.11679 

.08653 

.08866 

-.1*251 

.12795 

-.13094 

.13964 . 

TtHE 

ORIS. SC 

OB 1 5 • 51) 

Ortl 7 

" 0 R 18 E 

0819 

08198 

_ OR \ <5 A_ 

Q R19-0_ 

0R190 

QB19E 

-QB2L 

<L02l8_ 

__Q821P_ 

0821E QT4 

A5 

.1*748 

.73705 

.13565 

.29601 

.11305 

.10*45 

.09250 

, 124*7 

.11779 

.177*6 

.09890 

.1)6640 

.06319 

.08)53 

.00527 

57 

.1461* 

.22616 

.13/07 

.27800 

.11577 

.10275 

.08974 

.128*9 

.11487 

.16591 

.09792 

.06619 

.05946 

.07*61 

•00646 

66 

.14027 

.23052 

.13758 

.27748 

.11387 

.10157 

.09062 

.12968 

.J1732 

.16348 

.09775 

.06528 

• 060^5 

.07300 

.00721 

78 

.1*745 

.23267 

.13051 

.26091 

.10355 

.09472 

.08779 

.12416 

•11*61 

.15517 

.09377 

.06611 

•05631 

.06783 

• 007H 

88 

.15165 

.22851 

.126*3 

.25554 

.10196 

.09170 

.08939 

.12683 

.11471 

.15757 

.09067 

.06509 

.0545* 

.06973 

.00783 

-11J) aIJAA*.. 

_..1«129. 

» 12*84 

.21971, 

—.09733- 

,.0850 7.. 

-.08877. 

. l.i 8 3 8_ 

...10523 .14766, 

. 08797 .05913.. 

— .05288 .06190 

—.00857, 

125 

.17491 

.15480 

.12632 

.19367 

.09816 

.06613 

.08872 

.11753 

•10876 

.15190 

.08767 

.05934 

. 05399 

.06229 

.00910 

TIME 

018 

O10C 

0 1 1 1 

QT1 1A 

01118 

OTli'C 

OTIS. 5 

0T15.5A 

OTlS.58 

QT15.5C 

QW15.5A 

0*15.58 

one 

QT19A 

0T19C 

AS 

... .00926 

.01824 

.003*6 

.00331 

.01032 

.01655 

.00462 

.0013* 

.01007 

.00398 

.00040 

.00078 

.00574 

.00192 

.00124 

57 

.01026 

.01549 

.00337 

.00346 

•01011 

.01560 

.00449 

.00123 

.01047 

.00381 

.00074 

.00083 

.00577 

.00199 

.00126 

*6_ •.('1051. 

.9(1352— 

.003*9. 

—.,0.0 9 8.2 . 0 1.4 9.7 . 0 0 42 ~L 

.00121 .01056 .3)0315 .0 0074 .1)0 082 .00548 -00221. 

—.00129 

7e 

.01026 

.01095 

.00333 

.002/5 

.00748 

.01275 

.00441 

.00122 

•01046 

.00335 

.00002 

.00001 

.00542 

.00220 

.00132 

88 

.0)045 

.01047 

,00 J53 

.00785 

.00640 

.01166 

_ .00*22 

•00132. 

-.01153 

o««o# 

_ .00087. 

. .00073, 

-.00534 

.....002*2 

-.00140 _ 

no 

.01095 

.01026 

.00*01 

.00201 

.00512 

.00907 

.00426 

.00127 

.91112 

«««•• 

.00005 

.00075 

.00523 

.00220 

.00133 

125 

.01156. 

.01040 

.00*19 

.00292 

_ .00500,. 

. .01019 

. .00419 

,.00131. 

...01152 


—.00085. 

—.00085. 

.. .00*95 

—.00240 

.00143 
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.iw 

"UN 365? NA5A-SIS Ttit 
MAC- .0*0 


WON K AMMAN UAS DYNAMICS FACILITY 
.1 >)TKtRSUMC.Js0.t5rt0.l.lUNNCL.f. 


TF5T CONDI IIOn S TF5T GAS NITH0(,6N Q-0« ST-Q» AND HHCF BASED ON « I3 2 INC h RA DIUS 

ANGLE UK All ACN Z0.000 uEn. AnOl€ OF YAW 0 060. ANGLE OF ROLL 0 D£G. MODEL LENGTH Z1.3S1 {NCME5 

rfME" ^iNF"*f<H^lVF"Y^i«rT;W'^iNF'o-(^ SS/rf re-l V-Ynf' po to' mo oo'flYu/' $'id’ 'h'm'e f ' mtu/ pom' 

MfC .e?.lA..LUH''Cy-FT.g.EG..M .FJ.ESEC. .?SlA...„*JLu-6 IU.CL-.6. i f.51A...DEG M„.aIU/LBR..50F.T.-S£C SQEJ..SEC.B.-RSJA. 

576 ?•<!* 


115 .13»3DO .OilZHIT 1? 7*3 5AQ5 ln«->2 t 0 ♦ 3 1 0 5.0368 8*9671 


....?SESSjJ»E.r.A/.A (_MHfS5L«f.. 

TJHJE . 1 A PIJ } l .1 11 PRZO PO.T.Z P U 1 3 





_a£fi£_t ARQj_I NCO-ARNOLa _Af J 5 »_ 1 ENN . _ 2 liaa_ 


Run 3453 N4SA-STS TEST 
. . MOAC- ONO 

test conditions 


VON HARMAN GAS OTNAMICS FACILITY 
HYPERSONIC HOTSHOT TUnNEL F 


TEST OAS NITROGEN 


Q-Q, ST-O. 


ANGLE OF attack 30. 

000 UEG 

• 

angle 

OF TAW 

0 OEO. 

angle O f 

ROLL 

0 

TIME 

P-1NF 

RhO-IhF 

T-lNF 

U-tNF 

m-Inf 

O-INF 

RE/FT 

RE-L 

V— INF 

PO 

TO 

- ..-MSEC 

PSlA LBM/CU-FT 

OEO R 

FT/SEC 

. PSlA 

M0“6 

MO-6 

_ .. 

-PSlA 

OEO 1 

83 

•192288 

.005210 

91.2 

“A48 10.60 14.339 

11.2*62 

20.0099 .00281 

_9?80_ 

.1909. 

87 

.179906 

.004092 

96.1 

5147 

10.53 

13.971 

10.2109 

18.1678 

.00230 

9037 

1997 

. 92 

.177344 

.00*449 

10*.l 

5112 

10.44 

13.536 

8.8*46 

15.7348 

.002*5 

8652 

21*1 

98 

.1(12700 

.003008 

111.7 

34 <n 

10. *3 

12.386 

7.2910 

12.9760 

.00270 

8128 

2299 

- 109 

.1*31 0 1 7 

.003*33 

114.9 

5565 

10. *2 

11.467 

6.4794 

11.5294 

.00286 

7631 

2365 

111 

.146932 

.003232 

118.4 

5612 

10.35 

10.970 

5.9691 

10.6206 

•00?96 

7188 

2*10 


OEO. 


MODEL LENGTH 21.351 INCHES 


HO 

BTU/LBM 


00 RTU/ 

soft-sec 


Sto HREF BTU/ 
SOFT SEC R 


_li* .124843 .002665— 12 2. .4:. 

135 .111620 .002343 125.6 


_5TJ 0 .3.0 .35 9.369. 

5758 10.31 8.A50 


_A.e 4 A 5 — 8.6 196 _ 
A. 221 7 7.5113 


.1)0329- 

,00351 


S.3l3t_02 18 6, ,9 .oL785_,JJ145A_ 

S.52SE 02 199.0 .01887 .13653 

5.890E 02 212.1 .0\971 .13246 

6.300E 02 225.0 .02168 .12791 

6.A67E 02 225.0. .02296 .12332 

6.581F 02 229. 7 . 02*05 .12229 

502 6.B12E-02 — 221.S — .02659 — .11291- 

2551 6.930E 02 215.3 .02829 .10710 


POP 

PSlA 

_26.A17_ 

25.748 

2A.961 

22.853 

21.162 

20.263 

-17.298- 

15.602 


PRESSURE DATA T PRES5LBE /POP 1 


TIME 

PP5 

PBtl.lA 

PHI 1 . 38 

P820 

~ PT12 ” 











83 

.1<;A49 . 3^771 .14103 

-??r>D? . on?71 











87 

.35155 

.25234 

.14367 

.21795 

.00285 



























98 

.36162 

.25876 

.14628 

.21841 

.00264 



























111 

.36405 

l2Se76 

1 1 46 1 9 

.22208 

.00292 











1 ?d 














135 

.36572 

.25050 

.14265 

.22082 

.00274 











MEAT' 

TRANSFER 

DATA (H 

/ hrefi 













TW 

083 

083.5 

UB4 

OB6 

QBB 

O08A 

QB9.S 

0811 

QB1 1 A 

081 IB 

0813 

081*8 

0815.5 

0815. 5R 

0015. 5A 

83 

or\ 04? 3n>Cft 3«lw71 


_2i*.l2 .24760 -22654 .1,9B?SL 

— -28062 . -2,1823- 

■ - .24152- 

—23217 

87 

.20346 

.27453 

.3478? 

.36361 

.27716 

.20451 

.2360* 

.21358 

.2*609 

.23180 

.19315 

.2693? 

.20590 

.23588 

.2275* 

. _92 

.17938 

.22261 

.11215 

.34994 

.27437 

.18790 

.22508 

-.20172 

.23977 

.22905 

.18394 

-.26097 

...203*4 

—.23579 

.22168 

98 

.15780 

.16410 

.23202 

.32*66 

.26832 


.21080 

.18770 

.23379 

.21979 

•169p5 

.26063 

.20325 

.23538 

.22097 

— — - 105 

.1*224 

.13859 

.14814 

.30508 

.25645 


. .201*8 

.18019 

.22929 

.20697 

.16259 

.25147 

.20699 

-.22944 

.214*1 

'if*'' 111 

.16641 

.13373 

.12024 

.29486 

.2*684 

««««« 

.19560 

.17539 

.22142 

.17830 

.1571* 

.25278 

.20722 

.22139 

.20737 

12* 

-16323 —1395* 

—.1 13 1 * .2.4.21* .2,35,9 2_ 

««««o 

.LT625 .16099- 

-.2129,1- 

»»»*» .13884 .24306 .203.9.3 .21708 .20101 

135 

.16129 

.13575 

.11445 

.19513 

.22383 

««»•« 

.16416 

.14978 

.19222 


.13226 

.22226 

.19076 


.1094 l 

TIME 

"08 is. SC 

QB15.5D 

0817 

'OBlfiE 

0819' 

' O 0 I 9 R 

' 00 is A ' 

“"QB198 

~ OR 190 

“0819E 

0021 

QB210 

00210 

Bern 

QT 4 

83 

.26140 

.42422 

.24540 

.39513 

.21035 

. 206 ?* 

.16790 

.22352 

•21071 

.31010 

, .20044 

.13955 

. .15957 

.18118 

.02091 

87 

.2403* 

.42540 

.24195 

•40p69 

. 2006 * 

.19432 

.163*5 

.2j678 

.21576 

.31595 

.19834 

•14029 

•15763 

.18255 

•02113 

9? 

.24915 .40247 

«23?^3 

• 3*106. 

. 19204... 

-.19822- 

-.15970- 

.21404- 

.21121- 

.30588. 

—.19248- 

• 133 n 3 • 14 4 96- 

— 13107- 

—.02142— 

98 

.2330* 

.36780 

.22812 

.34982 

. 1A564 

.19242 

•15548 

.20040 

•198*8 

•?0660 

•18663 

•12*09 

♦12739 

. 15*42 

•02147 

105 

...22606 

.34728 

.22205 

.33385 

.17812 

.19173 

.15308 

.19722 

.J9077 

.27876 

. 179?8 

.11979 

•11779 

.14609 

•02148 

111 

.22109 

.32599 

.21*65 

.32184 

.16962 

•17255 

•15128 

.1087* 

•18920 

.277 0 6 

•17215 

.11767 

•11459 

.1*462 

-02164 

_ 124 

.. .20438 

.28576 

.20334 

.27212 

.16071 

.15434 

.14695 

.177*7 

.17295 

.25637 

.15667 

.1000* 

. .09830 

.13277 

•021*5 

135 

SflOOO 

o»«a» 

.19152 


.14829 

.15050 

.13826 

.16853 


o»«»o 

• 1*622 

•10303 

•09101 

*«*to 

.02125 

TIME 

0T6 

QTfi 

0T8C 

QT 1 1 

QT11A 

0T11B 

QT1 1C 

nil 5.5 

OT15.5A 

0115.58 

UT15-5C 

OW15.5A 

0*15. 5R 

OT 1 R 

QT ISA 

83 

. .02649 

.02636 

.00902 

.00648 

.00210 

.00991 

.01633 

.00751 

.00316 

. .01061 

.00179 

.00067 

.... 00069 

-.00557 

. -.00240 

87 

.02653 

.02671 

.00901 

.00644 

.00191 

.00964 

.01579 

.00636 

.00292 

.00824 

.00191 

.00059 

.00072 

.00*65 

.00181 

.92 

.02660 

.02726 

.00914 

.00626 

.00204 

.00907 

.01600 

.00520 

.00304 

.00723 

.ooim 

.00067 

.00069 

.00443 

.00168 

98 

.02697 

.02731 

.00915 

.00583 

.00194 

.00818 

.01511 

.004?? 

.00283 

.00630 

• 002r>4 

.00077 

.00072 

.00*30 

.001*2 

105 

-.02727 

.-.02737. 

.00920. 

—.00566. 

.00130 .00790, 

.01422- 

—00401. 

.00299 .00619 .001,93, 

— .000 72- 

.an 0-73 *00422- 

— .00121 

m 

.02657 

.02595 

.00923 

.00548 

.00195 

.00796 

.013*9 

.00*11 

.00314 

.00607 

• 002ft7 

.00061 

.00069 

.00199 

.00115 

124 

.02619 

.02712 

.00946 

.00441 

.00210 

.00761 

.01193 

. 0 p4 (l5 

. 0O2°2 

.00566 

.00218 

.00075 

.00071 

.00409 

.00 1 07 

135 

.02523 

.02624 

.00937 

.00483 

.00199 

.00714 

.01117 

.00396 

.00307 

.00517 

•002o9 

.00066 

.00075 

.00379 

.00099 

“TIKE 

QT19B 

07 19C 

0*194 

QW19B 












03L 

9 09 1 f)6 

.0007? .00110 

•00171 












87 

.00098 

.00066 

.00133 

.00165 






/- 






92 



^ fl o \ 







0 






98 

.00101 

•00074 

•001?A 

.00147 










V 


i n<5 


• QAfl 7 Y 














m 

.00102 

.00062 

.01150 

.00121 












1 24 

.00099 

• 00067 

•00119 

.00118 











- 

135 

.00103 

.00075 

.00117 

.00124 
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*»UN 365* NASA-STS TEST 
MOAC- ONO . 


C— 1AP.Q »,,i MC,*1 ARNOLD- AFS. TEN N. itiBc 

VON K ARMAN GAS DYNAMICS FACILITY 
- . HYPERSONIC HOTSHOT TUnNFL F 


T EST CO N QlMONS Tf ST CAS N t T RQggA| 

ANGIE OF ATTACK 10.000 UEG, ANGLE O f taw o OEG, 

HE P-INF RhO-INF T-lNF U-INF m-Imf Q-1NF ' HE/FT ~ SE-lT 
EC PSIA LBM/CU-FT OEO N FT/SEC . PS1A *l 0 -6 ... X10-6 

G_. 0.09579 9J ij? 1114 .J 0 . JT_16. 1 0J_J 2. 3.3 1 1„2 1.9 4.01 . 


ANGLE O f roll 
“v-INF PO 


ST-Q» A N 
0 OEG. 


lEE_BASE0._fiN a132-_INCh_R.aQIUS 

MODEL LENGTH 21.351 tNC«ES 


P0 T0 ho oo bTu/ sto href btu/ pop 
PSIA OEG R BTU/LBM SOFT-SEC SOFT SEC K PSiA 

5.569E. 02 — 216.2 — .oi 7.6.9 *14965 29.685 

5.646F 02 211.7 .oj858 .14232 27.372 

6.054E 02 228.7 .01950 .13874 26.64< 

6.393E 02 239.3 .02107 .13474 24.762 

6.448E 02 230.6 .02294 .12745 21.764 

6.735E 02 229.5 . 02513 .11956 19.142 

J>.a<L7E_02 — 211.4 MlaB. — au«6 1A.691 


.183524 .005079 94.4 
.163468 .004613 103.9 
.169936 .0040=7 109.4 
.150295 .003536 lll.o 
.131776 .002976 115.6 
-.316685 .002569 _1 1 6 .a 


5307.10.75 14.847 10.9174 19.4247 
'538910.61 14.445 9.3241 16,5999 

5638 10.62 13.417' 8.0008 14.2354 
.5561 10.59 11.792 6.9021 12.2806 

9684 10 . 6o 10.367 5.6997 10.1395 


-.00216 _J1604._ 1984,.. 
.00227 10409 2028 

.00243 9830 2188 

.00262 9440 2316 

.00282 8356 2349 

.00310 7619 2460 

-oOOliS 6562 2*.92_ 


_PRESSURE DATA ( PRESSURE / POP ) 


-.14965 29.685 

.14232 27.372 

.13874 26.646 

.13474 24.762 

.12745 21.764 

.11956 19.142 

1A.691 


TIME 

PB5 

P811.3B 

P820 

PT12 

53 

.08675 

.03303 

.02986 

.00171 

tti *flP793 -.03226 — *32908 . *00164 

70 

.08813 

.03450 

.02966 

.00168 

7* . 

.. .08627 

.03374 

.02921 

.00174 

86 

.08453 

.03427 

.02940 

.00179 

...95 

.0=015 

.03391 

.02959 

.00204 . . 

110 

.08626 

.03423 

.03011 

.00206 


HEAT TRANSFER DATA (H / HKEFI 


083 

.05818 

.06832 

-.0*679- 

.05415 

.0580* 

.06810 

.05397. 


083. 5 "UR*' 086' QB8 "088A* ~0B9.5'" Wil 

.07745 . .07695 .08177 .08048 . .01591 .05559 .04951 

.06969 .06779 .07171 .07847 .01636 .05348 .04750 

- o 6.5.0 4 a) 62 92 .0 65 4.4 .0.734 0 J3 1.5 6 8 . 0.4.9 £ 0 .0 4 4 a 5 

.06174 .05081 .0*053 .06871 .01513 .04640 .04180 

.08226 .04477 .03959 ..05449 .01512 .03787 .03524 

.05224 .04392 .03387 .04664 .01590 .03236 .03019 

.04979. .04250 ...03018 ... 04348 .. .01690 . .03074 .02995 

>815.50 0bl7 OBj 8 E 08 1 9 081 9 8 QB19A 0 51 9B 

• 114 = 2 .06403 .22620 ,049'so .04*e5 .04087 .058*70 

.10337 .05983 .22257 .04666 .0*282 .03946 .05270 

.00842 .05898 .22888 .04525 .0430* .03880 .04794 

•07939 .05901 .22608 .04435 .04178 .03849 .04196 

• Q T 1 1 1 .05575 ,18341 .04105 .036=9 .03468 .02528 

_0-D.T1.20 — *1)50-14 .07622 *03136 .032*3__. 02814 .01598 

.06820 .04488 .05981 .03389 .02771 .024*2 .01446 


VINE 

0815. 5C 

0815.50 

0bl7 

_0Bl 8E 

0819 

0H19R 

S3 

.0*904 

. 1 1 *“5 2 

.06403 

‘.22620 

•04950 

.04*e5 

64 

_ .•0*853 

.10337 

.059=3 

.22257 

.04666 

.04202 

*0 

.04655 

.08842 

.05898 

.22880 

.04525 

.04304 

74 

. .0->751 

•07939 

.05901 

.22608 

.04435 

.04178 

66 

. 02*08 

•07111 

.05575 

.18341 

.04105 

.036=9 

9§ *3)2178 

.3-7 1 IQ 

-*05.036 .07622 *03136 .032*3__ 

no 

•0?054 

. 06020 

.04408 

.05901 

.03389 

•02771 

“■'TIME 

* ~ OT6 

0T8' 

“0!»C 

OT1 1 

OT 118 

" OTlic 


... S3_ 

64 

i_ 

74 

.... 86 . 

95 

. no .. 


...02163 

.02353 

_.0256*_ 

.02557 

-.02454 

.02381 

.02371 

0 w |9 A_ 

.00036 
.00047 
•00046 
.00043 
.00050 
_ *D0042— 
•00040 


.02430 
.02583 
-.02649. 
.02449 
.02611 
.02683 
• 02668 

_OWJ9R_ 
.00208" 
.00206 
.00212 
.00189 
.00190 
...DO 1 87_ 
.00193 


.00695 .00339 

.00671 .00356 

- 0.0 /oe .00384... 

.00718 .00383 

.00757 .00392 

.00811 .00436 


,01364 .00416 •••«• .00410 

.01080 .00415 •••«» ,00*24 

-.00752 .00416 .004 19_.0fl353 

.00624 .003=2 .00425 ,0fl3o0 

.00540 .00393 .00411 ,00258 

.00493 .00*23 .00372 .01)251 


.00826 .00441 .00478 .00392 .00331 . •«•<*• 


. “ oeifA' 

" OB 110' 

OB 13 

’ QB148 ' 

0B15«5“ 

00 15. SR 

OB15.5A 

. .05994 

.03157 

_ .045o6 

.07688- 

--.05010- 

-.06804 

- .07203 

1 .05726 

.03007 

.04374 

.07622 

.05005 

.06833 

.06558 

» — .05065— .03091 .04153 .06610 .04769 ,06886 .06413. 

•04550 

.02893 

.03893 

•059R7 

.04763 

.06810 

.062*4 

.03438 

. .02788 

.03292 

.04407 

.04774 . 

.05831 

.04785 

.02940 

.02920 

.03101 

.03539 

.04531 

.05109 

.03368 

.02926 

.03010 

.02880 

.03311 

- .04210 

--.04007 

. .03055 

00100 

0B19E 


QB2l'B 

00210 

0021 F. 

OT* 

•06937 

.12227 

.03630 

.02550 

•02407 

.03281 

•01982 

.06062 

.12688 

•03533 

.02552 

.02358 

_.03l9o 

.02051 

•07238 

.12584 

.03*42 

.02354 

•02*99 

.031 76 

•02203 

•07000 

.12229 

.03326 

.02131 

.02429 

.03033 

•02228 

• ftf> 1 04 

.11822 

•03111 

.01283 

•02307 

.02829 

•02275 

.... 05419- 

— . 11868 — .02918 .O09a7 .02308 .02733.. 

— .02228 

•04327 

•0^562 

•027?8 

. 0081 * 

•01964 

.01572 

.02178 

OT 15.5B 

GT15.5C 

OW15.5A 

OTla 

~ 0T19A~ 

OT 1 98 

0T19C 

. 00821 

D OO OO 

.00180 

.00787 


*#oo# 


.00855 

• OO OO 

.00187 

.00784 

«eo»0 

•««oo 

.00462 

1..— OOloa .01174- 

— .00185 .00 797 .00118 .00592. 

-.00463. 

1 .00520 

.01158 

.00181 

.00768 

.00119 

.00587 

.00474 

> .00352 

«««•• 

. .00198 

.00673 

.00105 

.00527 

.00436 

. .00297 


• 0 02n9 

.00624 

.01)084 

.00431 

,00370 

' .00238 

-- 

—.00218 

.005*3 

.00063 

-.00279 

.00335 
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*UN 3655 NA5A-STS TEST 
MDAC- OWQ 


C <A»Ot IN C.) A RNOLfl AF5 i TS N N..-11 
VON KARMAN C-AS OYNAKICS FACILITY 
.. HYPERSONIC HOTSHOT IUnNEL F. 


TEST CONDITIONS TE ST QaS NI TROGEN 

ANGLE oF attack 30.200 OEG. angle Of YAW 


0 OEG. AnGlE O f 


S T-0. A ND HREF BASED ON .J.12_lNCH ..RADIUS 

0 OEG. HOOEL LENGTH 21.351 INCHES 


Time 

P-INF 

RHO-IKF 

T-lNF 

U-INF 

m-Inf 

0- INF 

RE/FT 

RE-L V-INF 

PO 

TO 

HO 

o'o rtu/ 

STO HREF BTU/ 

POP 

_ NSEC 

PSIA L8M/CU-FT 

OEG R 

FT/SEC 


PSIA 

A 10*6 

X10-6 

. PSIA 

OEG R 

btu/lbm 

SOFT-SEC 

SOFT SEC F 

1 PSIA 

65 

J_V[9 fl 5 

.004361 

_ «5.0__ 

**56_ 

10.56 11.089 

_9.70?3_ 

l7.2629_.jL0.237 

7261. 

_1T70_ 

*j9i0r_j)2 14,7.5 

..019*5. 

.3.1994 20. *1? 

69 

• 1 34 80 3* 

.003796 

94.2 

5n 06 

10.51 

10.588 

7.9882 

14.2130 .00260 

7007 

1971 

5.396E 02 

16*.7 

.02102 

.11512 

19.508 

. 75 

.125711 

.003034 

108.2 

5438 

10.49 

9.67* 

5.9403 

10.5693 .00301 

6662 

2269 

6.170E 02 

192.7 

.02416 

.111*0 

17.846 

81 

.117660 

.002605 

1 1*.5 

5579 

10.46 

9.011 

5.0904 

9.0714 .0032* 

6297 

2391 

6.496E 02 

203.6 

.02634 

.10996 

16.630 

.89 

.111755 

.002426 

120. J 

5686 

10. *0 

8.453 

4.4673 

7.9485 .00344 . 

5382 

2486 

6. 75 IE 02 

207.9 

.02784 

.10682 

15,613 

96 

.108022 

.0021*5 

127.9 

5*35 

10.35 

7.87* 

3.8119 

6.7823 .00370 

5510 

2617 

7. 1 1*F 02 

215.4 

.02980 

.10372 

14.543 

ISS . 0.93 4 7 4 — ,Q 01 » 0 J_1 2.9 . 3— 

1-10^34 6.998 2.3336. 

...5 .9 314 _. J10396 

4960 2647 7,. 1 83E-02 — 205.2 — 

^oalfio • Q9.7A3— 

—12.925- 

134 

.07*776 

.001546 

126.3 

5776 

10.31 

5.564 

2.7555 

4.9027 .00434 

39A6 

2587 

6.973E 02 

176.2 

.03500 

•08609 

10.273 


PRESSURE DATA I PRESSURE / POP'f 


TIME P85 

__ft 5 «a« 7 l 9 ... 

69 .37698 

.3796* 
81 .36556 

_ 89 .... .36715 

96 .37542 

-1.08 .35618 . 

134 .36102 


P8 1 1 • 3 PRI1.3A 

...255*4 .2.7234. 

.25778 ,26o82 


.26007 

.25652 


.27006 

.27198 


.25805 .27222 

.25936 .26523 

...2605.7 ,220 7 7.. 

.25748 .26545 


PBll.38 ~P820 

.153.40 .23412. 

.15200 .23763 

.15009 .23569 

.14649 .23856 

.1*678 .24047 

.14755 .23822 

--.14632 .234 H- 

.14816 .23413 


HEA1 TRANSFER DATA IH / HHEF) 

Time 083 * 083 . S' 'UR 4 086 

65 . 2232 1 .2.8 9.8 6 .54800 .3205 7... 

69 .19669 .25591 .33435 .31307 

75 . . 1636 * .18754 .29066 .29203 

_ 81 .1426* .13198 .25932 .27610 

„ 89 _ ,_.1396* .10844 .18173 . .25382 

96 .14301 .10791 ,12310 .23668 


Q88 OR 8 A 009.5 OBll' OBUA OBllB 

.2852 1 .21750 .23269 — 035.9.6 — .217A2 .20822. 

.27444 .20925 .22208 .18673 .210*6 .20600 

.24*48 .180*8 .19759 .171*6 .20108 .10798 

.22067 .1582* .18320 .16*44 .20001 .17913 

.2092* .14625 .17223 .15672 .19599 .17326 

.20945 .14136 .16495 .15161 .19153 .16991 


13* 

.1*713 

.10917 

.10277 

.17237 

• 

time 

_ O015.5C' 

0015.50 

0817 

"obTbe" 



65 

- .2 7 035 

..37716 

.19921 

.37481 


69 

.26823 

.37801 

.18994 

.35711 

• 

75 

_»2484J .3*5-11— 

—.18216 .321 29 . 

81 

.22959 

• 3 1 368 

. 1 8003 

,30305 


89 

— .21530 

•28533 

.18639 

.28919 


96 

.20490 

.26559 

.18162 

.275*5 


ioe 

-- .19641 

•2*668 

.18279 

.26 is* 


13* 

• «*e« 


.16910 




20.115 .12607 .15517. 


L4.&53 S±*JL» 07013. 


0Bl3 081 40 

.,21031 ,27425. 

.20*79 .26503 

.18904 ...25267 
.1755* .25062 

.16203 . .24190 
.15729 .23094 


17904 •«•«* . 14 1E7 .13912 ••••« ••••• 

0819 OR 19R Q0i8A QR19B 08190 0819E 


0815.5 0R15.5R 

.03365 0157.9 

.18578 .21072 

-.1761* — • 19966 
.100*2 .2115* 

.17995. . .22318 
.17492 .20997 

-.L8139 09 0-4-0- 

.17926 «•»•» 


0015. 5A 

.20593- 

.19903 
... .19713 
.20406 
...20102 
.19539 

.19.755- 

.19207 


Q019R 

.17220 

.16498 

-0.55.45. 

.15*55 

.14008 

.14214 

.137=4 

.12386 


08 19 A ' OR 1 98" 0R19D Q819E 0B?1 0B2iB 

.15516 .21240 .21293 . .26956 ,1B7„1 .13529 

.15205 .212*9 .20862 .26349 .17835 .13242 

0486.7 On465 .-1B6II .24676 0619.] 02021- 

05276 • 19068 * 1 7330 .23661 .166]* .11291 

0*980 08912 ... 16359. .22539 .15683 ... 107fl* 

.1*321 • 1 79?4 .15619 .21583 048!? .10160 

0*223 .17335 -. 15053. -.20490 . 04392- .09704 

.13572 «»«o« «••»• .J33 0 8 .09340 


00210 0B21E QT* 

04048 .15851 .02196 . 

• 14098 052*3 .02135 

-01955 02820 .02143 

O0657 03o 7 9 *03092 

.09785 02345 .02061 

.091*6 .11730 -02027 

. .08166.- 01275 .02042 

.07152 *•*•>« .02076 


time 


018 

OIBC 

OTll 

QT11A 

01118 

UtllC 

OT15.5 

OT15.5A 

0T15.58 

QT15.5C 

QW15.5A 

0W1S.SR 

CJT10 

0 T 1 9 A 

-.65 - 

..03169 

.02546 

.00985 

.00671 

.00219 

.01065 

.01349 

.00*77 

.00320 

.00355 

.00167 

.00061 

.00078 

.00529 

.00138 

69 

.03135 

.02620 

.00941 

.00626 

.00204 

.00950 

.01312 

.00*76 

.00353 

.00354 

.00163 

.00069 

.00077 

.0049? 

.00137 

- .75 

.02975 

.02612 

.00909 

.00569 

.00196 

.00818 

• oue4 

,00423 

.00346 

.00361 

.00159 

.00067 

.00077 

.00479 

.00134 

81 

.02072 

.02591 

.0091 5 

.005*2 

.00203 

.00736 

.01147 

.00395 

.00334 

.00349 

.00149 

.00058 

.00078 

. 00*82 

.00128 

09 

.02824. 

...02575- 

...D0O96 .00501- 

. .00194- 

-.00679- 

-.01194 — 

...00409. 

.00337 ,00363- 

-.00167- 

— 00060. 

—.00077 

— .00*7.7— 

.00114 

96 

.02737 

.02534 

.00039 

.00489 

.00189 

,006fi9 

.01249 

.00399 

.00337 

•00360 

.00173 

.00069 

.00006 

.00458 

.00113 

108 

.02682 

.02*44 

.00014 

.00424 

.00204 

.00699 

.01200 

.00408 

.00332 

.00376 

.00162 

.00059 

.000 74 

.00419 

.00106 

134 

.02590 

.02322 

.00026 

.00400 

.00216 

,oo6e4 

.01113 

.00376 

,00339 

.00352 

.00153 

.00060 

.00075 

.0035? 

• 00 1 0* 

“ TIME 

QT 1 9C 

QW19A 

OWIQH 













69 

• 0006 1 

•00142 

• 00149 











* 


69 

.00086 

.00141 

.oou? 













75 

.00072 

.00125 

• oons 






__ 

___ __ 

- 




- - - - - 

„ 


-JOB .00082- 

134 .00075 


.00114 

.00110 

.00109 

-.00103- 

. 0010 * 


.00109 

.00109 

.00108 

-.00105- 

.00103 
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HUN 3656 NASA-STS TEST 
MOAC- OWO . _ _ 


C—tAftQj WtCji AfiNOLQ_A£5i_I£NN»_ll 

VON HARMAN GAS OYNAMICS FACILITY 
. . HYPERSONIC HOTSHOT IUnNEL F 


TEST CONOIT ION S TEST GAS NITROGEN 

ANGLE OP ATTACK 10.000 OEG. angle OP YAW 


0 oeo. 


1 IH£ P-INP RHO-lNP T-IKF U-INF H-lNF O-INF RE/FT 

JASEC PStA L8H/CU-FT OEG « FT/SEC PSIA XlO-6 


rlxTUr-B TAfl 


AnGlE O f ROLL 
'v-INF PO 


ST»Q« A N 
0 OEG. 


MODEL LENGTH 21.351 INCHES 


PO TO HO 00 0TU/ 

PSIA OEG R STU/LBM SQFT-SEC 


STO HREF BTU/ POP 
SOFT SEC R PSIA 


UV+ZMM 


PRESSURE DATA ( PRESSURE / POP 1^ 

TIME... Pfltl.3 Pflll.38 PB15 . PB20 
TO .04323 .02918 .03985 .02907 


HEAT TRANSFER DATA (H / HHEF1 


t I ME 083 

70 .05553 


OB3.S 

.04594 


Ofli" OB6 _ 088 
.04541 ..02972 ...04302 


088 A 
..02028 


TIME 

ORIS. AC OBIS. SO 

0817 

OBiflE 

0B19 

0819R 

qbisa 

08198 

<38.1.99.. 

QB19E 

TO 

.02285 

.07oe6 

.04529 

.07757 

.03T25 

.02547 

.02521 .01704 

•04406 

.09772 

TIME 

0T6 

OT 8 

OTflC 

OTIS 

QT11A 

QTI1B 

OTUC OTIS.5 

0T15.5A UT1S.58 

—To 

.02012- 

.02303 

...00933. 

—.00421 

....ooais- 

.00464 — 

.00454 .. 

-.00387. 

-.00196 .00268. 


089.5 QBll OBUA "bBll'8 OBlJ QBUB QBl5.5~dal5.5R 0815. 5A _ 

..03104 ...,02963 _. 03397 . . 03057 ... 03052 .03660 .03692 .04043 - .03316 . 


QT IgA 
.00069 


TIME 


70 


00250 .00028 .00203 



AEOC < 480. INC. I A8N0L0 4FS. .TERN,. 37180 

von k'arman gas dynamics facility 
hypersonic hotshot tunnel f 

«UN 3457 NASA-5TS TEST 

...PO*C- Oho 01 . 


TEST CO NOITIQNS TE ST OAS NITROGEN 0-0, ST-O . A NO HREF B ASED O N .1 3? INCH BAOIUS 


ANGLE OF ATTACK *0. 

600 OfG 

. ’ angle 

OF YAH 

0 1 

DEG. 

angle oE 

roll 

0 

OEG. MODEL LENGTH 21. 

351 INCHES 


“time 

P- INF 

Rho-Inf 

T-INF ' 

U- INF H-lNF 

0-INF 

■RE/FT ■ 

~ "RE-L 

_ V-1NF 

— Pff~ 

TO 

HO 

oobtu/' 

_ STO'l 

HREF BTU/ 

POP " 

- .... MSEC 

PSIA LBm/CU-FT 

OEO P FT/SEC 

PSIA 

*10-6 

XI 0-6 

— 

-PSIA 

OEG R 

8TU/L8M 

SOFT-SEC 

.. ' 

SOFT SEC R 

PSlA 

78 

•179644 

.003568 

131.8 

5931 10.36 

13.496 

6.2359 

11.0952 

.00290 

8998 

265* 

7.34TE 02 

?9* .6 

^02323 

.I?9 3 7 

24.936 

8? 

.167606 

.003*62 

126.8 

5852 10.42 

12.747 

6.2070 

1 1.0433 

.00242 

8692 

2590 

T.149E 02 

276.0 

.02350 

.13463 

23.5*7 

94 

.1*8505 

.003145 

121.4 

5721 10. *2 

11.276 

5.8674 

10.4396 

.00300 

7661 

2*93 

6.833E 02 

2*4.1 

.02*29 

.12497 

20.821 

108 

.126100 

.002863 

115.0 

5587 10.45 

9.636 

5.4171 

9.t3e3 

.0031* 

• 6655 

239* 

6.51SE 02 

211.4 

.02552 

.114 0 3 

17.78* 

lie 

.115692 

.002728 

110. 7 

5476 10.44 

-8.821 

5.2557 

.9.3513 

.00318 

-6052 

. 2309 . 

-6.259E 02 

— 188.0 — 

.02556 

.10625 

16.274 

PRESSURE OATA 

( PRESSURE / POP ) 












time 

£811.3 

P01 1 . 38 

PBIS 

PB20 












7e 

.*6030 

.23321 

.*2316 

.39*76 












82 

.46095 

.23952 

• 42773 

.3R949 












9* 

.4*102 

.23675 

.43659 

.39057 












10P 


.42111 _ 4 rt A 4 1 












ue 

.4S639 

.23778 

.43934 

.39368 













MEAT TRANSFER DATA ( H / HWEF ) 


TIME 

083 

083.5 

084 

086 

088 

obea 

0B9.5 

0011 

081 1 A 

OBI IB 

oBn 

081*6 

OB 15*5 

0815. 5R 

OB15.5A 

7P 

..2*834 . .32568 

—.38684 

3 LB 0 V. 

• 2B343-. 

__*J.9_193 

-P47P0 

21014 .26910 .21316 .221*4 .28.1*5 3*759- 


82 

i2«192 

.322*7 

.380*0 

.31010 

.2812* 

.19120 

.2*603 

.22774 

.27305 

.23068 

.21917 

.28812 

.246*7 

.2*868 

.23204 

- .. 94 

. . .2238* 

.283*0 

.36^12 

.29637 

.27*6* 

.18752 

.2326* 

. 21 8*1 

.25776 

.227*9 

.21531 

-.28291 

.23830 

.2*397 

.225*9 

108 

.20595 

.2176* 

.32818 

.28251 

.27181 

.18513 

.23502 

.20855 

.25289 

.22807 

.21**4 

.28045 

.22686 

••••* 

.23125 

lie. 

... .1«038 

.17822 

.26358 

.25962 

.26*57 

.179*3 

.22728 

.20220 

.2*932 

..22667 

•205 0 9 

-.27136 

-.23180 


.22373 

time 

0815. 5C 

0815.50 

OB 17 

08f 8E 

08 1 9 

0819R 

08 ISA 

08198 0BL9D 

0B19E 

0871 

98218- 

□ 8710 

OB21E. 

-QTA 

78 

.25759 

•28409 

.23205 

• 35205 

.23335 

.19928 

.21126 

.2*561 

•21935 

.28919 

.23671 

.14556 

•15760 

.20777 

.02469 

®2 . 

.25720 

.27979 

.23*00 

.3**93 

.232*0 

.14761 

.208*9 

.2*288 

•21828 

.28507 

.23583 

-.14462 

•155*1- 

— *20476 

•024*2 

_ 94 

.24612 

.26693 

.21890 

.33181 

.22*79 

.19985 

.20*13 

.23265 

•2q9*9 

.27*75 

.23012 

.14617 

•1*782 

.198*5 

.02316 

/<^V_loe. 

.. .24388 

.25765 

.21892 

.32577 

.21869 

.19721 

.19876 

.2?9 1 9 

.20650 

-.2712* 

.23414 

- .15020 

•131*4 

-.19179 

•02*77 

lie 

.23858 

.2*713 

.20990 

.30900 

.21061 

.18612 

.18735 

.22181 

.19812 

.26*07 

.21820 

•1*396 

.11672 

.1830* 

.02*93 


OT6 

018 

or«c 

OT 1 1 

QT11A 

OT 1 1 B 

QTllC 

OTT5.5 

0715. 5A 

QT15.58 

0T15.5C 

0H15.54 

OH 15.58 

OTlR 

OT 19A 

78 

_ ..03049 

.01863 

.00897 

.00*15 

.00208 

.01087 

.01218 

.00672 

.00320. 

..00150 

.00085 

.00088 

.00091 

-.00317 

.00136 

82 

.03057 

.01836 

.00898 

.00*16 

.00199 

.01075 

. o 1 1 e i 

.00673 

.00309 

.001*0 

.00086 

.00092 

.00088 

.00309 

.001*0 

94 

--.03013 

.91857 

.90909 

.00*2* 

.00233 

.01051 

.01238 

. .00681 

.00300 

.0015* 

.00083 

.00087 

.00092 

-.00338 

.001*6 

108 

.03079 

.01869 

.00923 

.00*19 

.00237 

• ooo o 

.01213 

,00683 

.00275 

.001*9 

.00090 

.00083 

.00103 

.00315 

.00150 

tie 


.qJ^-9-0 

. QJ3J24.Q 

omen 

on? IS 

• «o«o 

~ni i c fl 

. "(>619 


t ftft 1 46 

-QfiQQi 




.cm A4 

time 

0T19B 

OW19B 














78 

.00159 

.00170 














.02 

. .00156 

•00169 














94 

.00155 

.00162 














108- 

AilOlSI 111015 7. 





j 










118 *00151 .001*7 
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_ *Ifi£jMJli_a&CLU_ARNQLD_Af Sj_XEN?U_U3a9. 

' VON KARmAN GAS OYNAUCS FACILITY 

. L HYPERSONIC HOTSHOT TUnNEL f 

“BUN 3658 NA5A-STS TEST 

HQAC- OHO 


TEST CONDI TI ONS TEST CAS NITROGEN 0-0 « ST-Ot ANO HREP B ASEO O N .13? In c m_R AOJ[ US 


amole nr attack «o* 

SOO UEG 


angle 

0? YAH 

0 DEG. 

AnGlE 0^ 

ROLL 

0 

OEG. 

MOOEL LENGTH 21.351 INCHES 


tine ' 

P-tNP 

RhO-INF 

T-lNF 

U-tNF 

N-lNF 

■ Q-tNF 

RE/FT 

RE-L 

v-inf 

PO “ 

TO 

HO 

“ — 

QO BTU/ 

STO HREF BTU/ 

POP 

. NSEC 

PSIA LBN/CU-FT 

DEG R 

FT/SEC 

: ..... .. 

.. PSIA 

*10-6 - 

X10-6 

— . 

-PSIA 

DEG R 

BTU/L8H 

SQFT-SEC 

- SOFT SEC H 

PSIA 

Ti 

*204368 

.006160 

88. 8 

5006 

10.66 

16.64* 

13.5339 

24.0802 

•00202 

-10833 _ 

1855 

S.222F 02 199.6 .01633 .14RR1 

30.660 

74 

• 200397 

.005534 

94.6 

5158 

10.64 

15.876 

11.7578 

20.9200 

.00217 

10512 

1988 

5.545E 

02 

213.3 

.01775 

.14730 

29.262 

..77 

.18782* 

.00*882 

100.5 

5330 

10.67 

14.955 

10.0875 

17.9483 

.00235 

10290 

2133 

5.921E 

02 

224.8 

.01885 

• 14 1 o7 

27.883 

es 

.172610 

.00*197 

107.4 

*497 

10.64 

13.679 

8.3683 

14.e893 

.00257 

9615 

2280 

6.297F 

02 

236.3 

.02064 

.13580 

25.235 

_92 

.167276 

.003808 

114.7 

5*14 

10.51 

12.9*2 

7.2608 

12.Sie9 

.00273 

8861 

2388 

6.575E 

02 

248.1 

.02215 

.13426 

23.890 

OS 

.1903*2 

.003167 

124.0 

5*48 

10.53 

11.679 

5.8188 

10.3532 

.00305 

8400 

2588 

7.133F 

02 

263.4 

.02453 

.12860 

21.575 

jJ71_ 

_jlL42545_.O02796_133.2_ 

_S 2 9_L_1 0 . * 1_10 . 8 2 1_ 

.4 .9004. 

B.7 19 0_.n0 329 

— 7 632 — 2721 7.49SE. 

02- 


-.02627 — 

-.1242*- 

-19.991- 

’14 

.134813 

.002545 

137.3 

6083 

10.41 

10.15* 

4.3908 

7.8122 

.00347 

729? 

2803 

7.727E 

02 

269.9 

.02728 

.11926 

18.769 

-a20 

.1271*7 

.002316 

143.* . 

. 6175 

10.35 

9.529 

3.8873 

6.9165 

.00367 

. 6787 

2889 

7.967E 

02 

2T2.T - 

.02876 

.11609 

17.610 

130 

.112928 

.002011 

1*6.6 

6253 

10.36 

8.479 

3.3409 

5.9444 

.00396 

6210 

2963 

8.168E 

02 

266.3 

.03100 

.10988 

15.681 


'PRESSURE OAT A V PRESSURE / POP V 


time 

P bS 

PBU.3 F8U.3R 

PB1S 

P820 

Pt 12 

POT l 

P0T2 

POT3 







_71 

.9297 

.7806 

.39*5 

.7317 

.7769 

.. .0061 . 

1.4363 

1.4278 

1.3983 







74 

.9347 

.7775 

.3995 

.7478 

.7771 

.0061 

1.4428 

1 .4409 

1.4123 







77 

-.9345. 

.7755 . 

.3997 _ 

-.7369 

.7777 

.. .0062 

1.4675 

. 1.4340 

1.4152 







85 

.9265 

.7815 

.40*8 

.7411 

.7780 

.0065 

1.4530 

1 *409* 

1.4234 







92 

.9219 

.8005 .4150— 

-a.7379 .7904 

.00fj_ 

J.4648 

1.3978 

-1-4 4 72„ 







99 

.9311 

.7936 

.4358 

.7466 

.7836 

.0071 

1.4906 

1.3830 

1.4487 







*07 

_ .9236 

.. .8005 . 

.4214 

.7511 

.. .7785 

. . .0073 

1.4921 

t.3934 

1.4834 







.14 

.9119 

.8007 

.4221 

.7498 

.7936 

.0071 

1.5022 

1 .4197 

1.5005 







*20 

— .9233 

- .7995 

- .4205. 

.7379 

...7712 

.. ...0073 . 

.1.5227 

- 1.3929 . 

.1.5023 







*30 

.9207 

.7868 

.4269 

.7476 

.7857 

.0077 

1.5191 

1.3939 

1.4553 







heTT 

transfer 

Data fiT 

/ HREF) 













TIME 

OR3 

083.5“ 

Q«“ 

Q86 

088 

Q8flA~ 

089~.5~ 

nail 

OBI 1 A 

oBiia 

OB13 

QB14B 

0815*5 

QB15.5R 

Q81S.5A 

71 

.30575 

.28217 

.29011 

.49061- 

.39392 

.38513 

.39857 

.37734 

.36472 

.34561 

.37955 _ 

.35336 

.34764 

. .31702 

.33719 

74 

.28073 

.26145 

.27626 

.48086 

.37887 

.36590 

.38429 

.36501 

.35062 

.33164 

.35690 

.35551 

.34250 

.31418 

.32863 

v. 77 

.F7148 .24709 .26689 .47425 .36823 

-34965 

-.37311. 

-35418 .34366. 

.32418 

.3386? -36131 


—<►312*4.. 

.*324 id 

W 85 

.2*675 

.23050 

.22923 

.42749 

.34304 

.29923 

.35333 

.33490 

.33606 

.31067 

.30692 

.37892 

.33916 

.30580 

.32564 

92 

_ .25411 

.22523 

.22201 

.40575- 

-.32514 

.24360 

.33710 

.32315 

.31674 

.30796 

.30951 

.37245 

.33619 

.29096 

-.30445 

99 

.24952 

.22421 

.21929 

.356*1 

.29616 

.18324 

.31786 

.29740 

.30777 

.28755 

.29120 

.36892 

.32949 

.28578 

.29894 

107 

.24885 

.20360 

.19333 

.27902 

.26076 

.08483 

.29216 

.26438 

.27402 

.26179 

.26653 

.35457 

•3l6 fl 9 

. .24602 

.28761 

•114 

.25355 

.20825 

.20393 

.26079 

.25988 

,0eb44 

.28797 

.25780 

.26506 

.25560 

.26220 

.34630 

.28317 

.23248 

.278J9 


12 $ .2444 5 *2S)5ea .2025*1 .2453L .24J33 .0876] .27425 ,24646_. 25094 — .23636- -.25480 — .33364 — .264 30 **•••— .26Bo5_- 


130 

.24054 

.20237 

.19304 

.19525 

.21049 

.08265 

.23313 

.22009 

.22147 

.20016 

.23853 

.32122 

.26248 


.26038 

TINE 

OBl5.SC 

0B15.50 

0817 

“ ortiaE 

'"0819 

0819R 

' 'OBi9A 

QB19B 

OB 190 " 

“0B19E 

0B21E 

OT 4* 

OT6 

OT8 

0T8C 

71 _ 

.37719 

.50*65 

.3238? 

.40277 

.31755 

.32939 

.30712 

.35691 

.34810 

.49306 

•41177. 

. .01191 

.01791 

. .01502 

.00801 

74 

.31863 

.49482 

.31305 

.38833 

.31369 

.32185 

•30171 

.34945 

•33441 

.47623 

• 398U 

•01083 

•01649 

.01472 

.00809 

77 .31418 

..49225 

_■ 3.120L- 


.31300 .32998 

.30521 34418. 

.32919 

.46815- 

.•39325. 

*01060- 

•01600. 

oai406- 

.OO60J- ... 

85 

.3*564 

.47310 

.31064 

.37723 

.30931 

.32196 

.30246 

.33708 

•31278 

.44902 

.37957 

. 0 1 1 4 1 

•01557 

.01338 

.00789 

92 _ 

.2*445 

.46083 

.29506 

.36001 

.29166 

.30076 

.28657 

.32091 

>30900 

.43572 

.36569 

.01166 

•01448 

.01263 

.00771 

99 

.27694 

.43017 

.28701 

.32908 

.28308 

.29147 

.28320 

.31075 

.29056 

.41371 

.33746 

.01295 

•01372 

.0122? 

.00775 

- 307 . 

.76761 

.39600 

.27067 

.30823 

.26610 

.26933 

.26844 

.28323 

•26537 

.38800 

.30579 

.01349 

•01315 

.01146 

•00649 

.14 

.26019 

.38584 

.25466 

.30405 

.25551 

.25316 

.25664 

.27515 

. .26192 

.37893 

.29538 

•01443 

.01300 

.01155 

.00615 

i20 .28305 




. tZ 4693. 

*26754, 

.25354 

....16 7 52_ .2797^ 

.01289- 

*.01 6 75- 

.00673- . 

130 

.24538 

.32414 

.23668 

.27342 

.226*0 

.22676 

.2312“’ 

.25187 

•23289 

.34525 

.25209 

•016?3 

•01312 

.01055 

•00622 

TIME 

OTf 1 

OTllA 

OTUB 

* OT 15. 5 

OT 15.SA 

OT15.58 

0T15.5C 

OwlS.SA 

QM5.5R 

QT 18 

QT 1 9 A 

OT19B 





71 

.00658 

.00195 

.01894 

.00347 

.00315 

.00504 

.00356 

.00322 

.00314 

.00398 

.00394 

.00403 

. 

. 

... 

74 

.00679 

.00192 

.01 789 

.00337 

.00320 

.00474 

.00346 

.00293 

.00322 

.00376 

,00388 

.00397 




7 7 

•00590 

«Q01 a 7 

* 01 705 

B nm?*3 

- 


, 00344 

, n 








85 

.00558 

.00182 

.01532 

.00309 

.00328 .00355 

.00331 

.00242 

.00241 

.00337 

.00375 

.00375 




92 

.00536 

.00172 

.01333 

.00290 

.00328 

.00311 

.00274 

.00225 

.00242 

.00309 

.00383 

.00368 



. 



99 

.00508 

.00150 

.012*4 

.00266 

.00334 

.00251 

.00184 

.00224 

.00214 

.00267 

.00379 

.00364 




- — .107 

.00446 

.00136 

.00112 

.00237 

.00341 

.0024? 

0*000 

.00203 

.00214 

.00245 

.00372 

.00352 

. 



— 

114 

.00411 

.00127 

.00102 

.0024? 

.00352 

.00230 


• ••«* 

.00202 

.00239 

.003*1 

.00347 





*OC4Q4 

—wbOOIIB 

- 00944 

-00733 


,0077? 

• ••#• 



t 0021 1 


— 00340 . 




130 

.00393 

.00113 

.00869 

.00228 

.00365 

.00207 




.00235 

.00349 

.00336 
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. V 07s KALMAN OAS 07NAPIC5 FaCIlITT 

.F’lPtHS.OM.C. tlO CSrtU.t . IOIMNEJL. F. 


■Jn'3'6 ssTna sV- s i s ' r e si 
..?a4£.-.jQ«.n. t 


TCSI CONUlllONS 1FS7 GAS n1IHO(,En Q-O. SJ-Q> anO HWEf BASED On . 13g INC H WAD1US 


AN<iUE ■ OK AllACA 51. 

con utO« 

ANliLt OF VA» 

0 

UtU. 

ANIiLE 

OF POLL 

0 UE(i. 

MODEL LENUTM 21.351 iNCMtS 

TIME 

P-l.F 

PMU-In,f 

r-r«6 " 

u - ink m- 

INF C- INF 

pf/Fr 

HE-U 

V-INF 

Vo” 

'"TO HO'" 

00 8>U / 5l<> MR^F BTU/ FOp 

psec. 

PS [A LM"i/CL-FI 

.cei>..M Fi./sec.... 

pain.. 

...*1.0.*.6. 

....FJ.U.-0 



P.3IA 

,.OEl» H ..BTy/LHH.-.SOF.TrSEC JQFT SEC >X. PSlA 

61 

.21 2085 

• 0 059.) 7 

9*.o 

5 1 70 10. 

VO 17.027 

12.6619 

22.51*5 .00210 

11*11 

1967 5.569F 

02 222.2 

.01719 .15364 31.386 __ 

63 

.?02*p6 

• 0 0 5 J Id 

*W«4 

5316 10. 

70 U. 221 

l i •4b?4 

1.9.718* 

.00226 

11153 

2113 5.B9.1E 

02 232.4 

.01803 .14774 29.91/ 

*jl. 


„• y \\ * b * 1 

. >S.Q 

51/iv. 10 . 

~4. .13,219 

.. .9,6*01 

17.1322 

-.0023‘3 

900* 

.2 027 . 5.602E 

02 .197.5 

...01958 ..132 78 24.366. 

93 

• 15no93 

• 0.0 3H r S 

10 1 . 0 

33*5 10. 

*•4 |l.«#J5 

7.6*26 

l*.l 319 

. no2ft4 

8393 

2169 5.95*5 

02 202.6 

.0?U9 .12419 22.012 

. — 

tin**?/ 

• 0 0 J 3 b 4 

106.3 

5**0 1ft., 

2 10.735 

ft* 

12. C 127 

.00266 

769J 

2266 6.159^ 

02.. 202.9 

...02294 .11822 19.604 ... 

113 

.1265*9 

• <X)£Cb* 

1 16.2 

5*10 10. 

*» 9.737 

5 .**2 7 

V.fc«2v 

.0031* 

b*2 7 

2* 1 0 6.567f 

02 214.8 

.02552 .11486 17.973 

IS*. 

.10*616 

•oo2*c3 

116.< 

5**5 . 1 0 . 

- 5 8.63 ) 

* . 7*0 7 

a.*3*« .00339 

6267 

2**5 6.6*7p 02 204.5 .0?7»7 .10712 15.752 

135 

•09 / 06 7 

.00216* 

116.2 

5661 10. 

53 7.563 

H .1640 

7 .*089 

.00361 

6616 

2406 o.totoSt 

02 194.2 

.02924 .10083 13.999 

PHC3SIJHIT CAVA 

( Vhr55t9E / POP ) 









Tint 

PH5 rttll.JA 

Ful 1«)H 

PB20 

Pt 12 





r 


* 

' 61 


.‘Wto? 7 

.32*39 

.57*** 

_,0IL*5J 







_ ■ 

63 

.66675 

• 60 J4^ 

.33o37 

.5812* 

.00463 










..... 828.2 7. 

..•.69 361. 

. .3*363 

. ..56901.. 

..«!).0*.7.6... 








93 

.8**23 

• *•*«**/ 

. 1552* 

.eo?Ob 

.00517 








J.CJ. 

....839.2a 

... 6 O 3 . 7 .I. 

... 3592,1. 

...fei5*a. 

...OQ5*0... 








113 

• H?U6 

.601?^ 

•35u76 

.60375 

.00532 








12a 

.83520 


.3StS<4 

.6 1 U<5 oi 0551 








135 

• b4i)H4 

.59j6* 

.35632 

.60923 

• 0 os«o 








hgiT 

W>*N$7;EH' 

UaTa (h 

/ H*p;pi 









' 

rt H t ' 

Xitt 

> jd 3 . 5T 

W^4 

jBV 

God 

*62 i 

u»9.5 

(i&ii 

•Vtfl 1 A 

uBlld uB i 3 

06 14 

QBf40 Q815.5A uBiB.'b'C 

61 

.25660 

. 3321* 

.*62*5 

,57203 

. 3*968 

^37o73 

*Jbl59 


.17998 

.33210 .36761 .367*0 .369*2 .3511) .3533/ 

63 

.263*5 

# 3oo /to 

.**672 

# bbto74 

.3*511 

.3*981 

.36739 

.3*915 

.17*01 

,32093 .35101 

.36532 

.37230 .34387 .33991 

8? 

..2*j9j 

.2*119 

,* 2 1*6 

.*9575 

. 3.79J8 

.32*77 

.3 731 / ... 

.35690 

. .38770 . . 

.,33853 . ..3**95 

. .37036,, 

.41643. -.36043 ..^38139 

93 

.2*675 

.26*16 

. 39g2 1 

. * 8692 

. 102*0 

.30086 

.37653 

.35656 

.16873 

.33660 .3*6*9 

.35992 

.41194 .35621 .36538 

103 

,2*659 

.21615 

. 309*6 

.*62*6 

,J7lb* 

.2*7*6 

.J/OF* 

.3611* 

..15581 

.33139 .3*067 

..36521 . 

.41032 .3*178 .3*857 

113 

,2**55 

.61711 

.2236? 

# 44{j46 

.36152 


.J3?5* 

.33037 

.33093 

.317*1 .311*5 

.34626 

.38219 .31989 .3203* 

1?* 

.2 19*3 

, 2 u 3 9 6 .17*271 

.3*557 

.32919 

• ••wo 

.33,02* 

.296*6 

.10796 

-.30626 .29819. 

.33 732 

-.37392 .30209 —.299 2/ 

/?**. ‘ 3S 

.Z 4 **^ 4 * 

. r>*i 1 

, 1* jbto 

.333*7 

, J | 4 0 *• 

00*90 

,31 66 8 

.26*25 

.292*1 

.2893* .29329 

.32129 

.35798 .29373 .28539 

UPt' 

0°1 5.60 

"0*| 7 

' OhioF 

Oh 19" 

■'Ohl*P ' 

<it)l9A 

' ijfi l 5(, 

OM‘190 ' 

OH19C" 

■" 0821'" U62 1 H 

082 1 0 

OH21E Ot* . Ute 

61 

• 4 -ito,>4 

• Jon i(j 

.*3*13 

.3*712 

.31976 

.31230 

.35939 

• i15P? 

. * 37H7 

.3137* .252** 

.33654 

.36790 .02*63 .01971 

63 

.* 75*7 

. 133.) 3 

.*1/97 

.3*35? 

• Jo 7^4 

. 3 u 7 6 9 

.382*2 

• J?4hQ 

.* l8)‘o 

. 3 0 7 1 6 .2*159 

.32062 

.35575 .0233* .01860 

er 

.4to*;7b 

_• '.*9-1X3 !.5.3"32L 

32*65.. 

..•3100.2 

* J6 7 7 7 

•JZ'UZ- 

_* *2566 

-aJQ 3Q'. «2*0o3 

. 3U22U — 

-.362*6-_. 02*83 .01919 

93 

•6r 1*3 

. 13.o6 

.*30 7? 

.331 12 

.2*6*3 

• Ju H - 7 


■32226 

• *?56 1 

.29789 .23568 

.29371 

.36316 .02*80 .01958 

102 

. ..».*. 7**6 

... 3 2 7 1 5 

,*lou* 

..32*6 1 

.2 7*68 .. 

• 2**20.. 

.3*81* 

• J l 8 7 1 

• *13' J 5 . 

-.299*2. ...23735 

. .27661 

.3*163 .02625 -.02061 

113 

.*2 7il l 

• T u 0 ' 1 to 

. 37 /nn 

.?99 0 7 

• <r:7be<6 

• i: / io < »? 

• 332S<5 

• ^64-J 

•1770* 

.27873 .22*63 

.24502 

.29612 .02560 .01973 

12* 



.1*7*3 

_.,2? SHto 

.<?** Jto 

.?/002 

• JO 74 0. . . 

•27653 . 

. .35360 

.25352. .20819 

•20911 . 

•2672* .02529 .01989 

- 135 

• 2 

• ??to**4 

. 32 1 7. 7 

.261*2 

.2*7)6 

•2*9t6 

• ^ to 4 4 4 

•25367 

•325** 

•2*01o .19981 

• 1894 7 

•23077 .02*00 .01977 

TrPT" 

>J f >j 

oTTC" 

rnr 

irrm 

•i T 1 In 

"oTTTC 

ITTlb-STl 3 16.5a 0 T j 6.3 SM 1 5 . 5 Cu *T5 . * A 

owtB.'H 

uTl9A 0tl9H ClTTvc 

61 

.01671 

. .00*1 6 

.005*6 

.00191 

.01* 33 

.01112 

.00629 

.004^9 

• 00*37 

.00261 .00197 

• 002q2 

.00312 .00*17 .00286 

63 

.01562 

. 00 7* 1 

.003*1 

.001*8 

. Jl i/6 

.on** 

. OutoC b 

.00**7 

. no**?.*! 

.00253 .00192 

.00156 

.00305 .00*06 .00277 

87 

.016*0 

.00 7*1 

.00**1 

.0016* 

.013*2 

• 0 J*<3 

.00603 


*00?'-2. 

.00195 .001*5 

.00167 

,00275 ,003*5 .00275 

43 

• 0 1 oo3 

.007*9 

.00*8* 

.00160 

.01279 

.00 7o2 

.005*« 

• 0o4?2 

.(>0228 

.00186 .001*5 

.00160 

.00271 .003*2 .00286 

103 

.01511 

• r u 7ts 

.not^o 

.0013* 


.oo/oo 

.00666 

.00398 

.00183 

.OOlol .00111 

.001*8 

.00283 .00335 .00265 

113 

.01*22 

.00 7 7 1 

.00**6 

.00138 

.01197 

.OyO^O 

.00591 

• 0 0 3 7 0 

.001*2 

.00135 .0011* 

.00142 

.00250 .003** .0026* 

12* 

.0IJ67 

, 0 0 to 4 0 

. •00‘«/'l 

. .00169 

. .01099 _ 

.0036 1 . 

.00563 

• 0 0.3 3 1 . . 

• 000‘>9 

.•00 1 07.. . .00 1 02 

.00115 

.00225 .00321 .. .00259 

135 

.1)1268 

.00032 

.004 1') 

.00160 

.Olio* 

• 0u*75 

.00571 

.002*2 

•00065 

.00083 .0009* 

.00109 

.00202 .00318 .002*9 

nxr 

0* 

0 * \' t (} 











61 

• or 3^0 

• 1 ) 0 3 











63 

« 01; i»*0 

• OU Jfro 











87 

• f )04<f 

. 0 0 J 1 7 







* 




93 

• 003.il 

.0 0321 











103 

• or, /‘4Q 












in 

• Of \.?<'.r\ 

• 0 0 ?.z 7 








0 



12 * 

. 0 C ^ J 

. 0 <) \ / t 











135 r 

.00193 

.00179 












w ,HU;« 3660 NA5A-S15 TE5I 
(JMC.t.JJWl 


Agl'C (*MQ» |NC«) ARNOLD AFS, TEdN a jTTBH 

Yl)N HARRAN UA$ OYNaMLS (-. AC IL ITT 
HXHt.^5>iJWC..By.lSr<y.T...iui.NEi. F . 


l£ST C^Nnl ) ION* TF*>r OAS NITROGEN 

ANUL^ OF A I I AC* * 5.000 UKG. AnClE OF YAW 

TT^r P» 1 KF‘ " Wriff- 1 KF" “ T- !«£' " U-YnF‘ ' M- 1nF"Q-{ nF ' 

»«c mA..Lf«/co-f.r .ceg.r .tr.T/sec psia... 

* lot . 07902 * . 00 2312 89 . j 5591 II. 1-7 7 . 79 ? 

112 .OMU . 00*077 9 2 ./ 5 70 1 11 . td 7 . 1 IH 

A i y>. . .-Cl <>. 1 T*_C i>_ ...y*A.d„..S/TA.tL.y.U.„»»9>.d.. 

129 .P 6-985 .uOlHu* 9 *.( 57 * 2 , 11.68 6 .*l* 

A3.7.„.,J.t?.o.M). ,Q o . l ?.s 1 t a ..o . . . . 7 e a . . 1 1. . r.A . . . $ o T. 2. 

PBESSllRE HA T A ( HhESSLhE / POP ) 


TIME P 85 Ball. .’A Hi- 1 1 . 3 H PH 15 

"“lot"” '.i is j '7 " " Vs 0*2 6 ' “ .2 7 a 2 9 " ” 5 66 90 
...JLU...„f. 7 * 6 .*/...,S 6 ».lJ . j. 2 8 9 fi 4 . ,56708 
lie . 74*20 i 5 *J /9 . 28 * 2 * .56220 

_113 lLLV* l a*»» 12_ .27 ,0 0 .S AMI'S 

137 .73 1 /6 .652*6 .28*98 .a4U2(l 


Q- 0 . ST- 0 . AND HMEF BASED ON .132 INCH RADIUS 

o oeu. angle of boll o uto. hooel length 21.351 inches 

AV/FT h£-’l V-inF BO TO h <5 06 "«t 0 / s T (3 href btu/ Po? 

..JJ.U -6 M 0.-6 ..Pi LA... OEU R ..BfU/LdM . SQF.trSEC SOFT. SeC. H . PS i 

5.6*14 1U .QJ7 5 .0 03* 9 93 41 23*2 o,*62f 02 186.1 ,0?839 .1043/ 14. J 

*.79H9 8.69*2 .00371- R99 0 2*3 8 0./23E 02 192.4 .03002 .10136 lJ^S 

-4«-21J...8.C**6 ,<1039L 8626 . 2503. ...6.H96E 02 ... 192.ft„,0JlSl. .09022 12.6 

*.2911 7.63*9 .00*01 80*5 2*82 6.815E 02 103. S .03834 .09450 11.6 

..3.,?.65.7___? .0560.. ,J30* 1A 7643 ...2522. ...6,9 16£ 02... 102.5 .. .013*9 .09206 11.2 


PB2u 

:*‘ 7 **y 
.,*76 76 .. 
.*7823 


h£AT Ttf ANSFM 

UaTa (h 

> hHg.Fi 


TIME 

Ofi 3 

uo J 

UH4 

0«6 

106 

.21610 .20161 

.30*1? 

-t.3*L8.1 

112 

.21*13 

. 19333 

.25 al2 

.32267 

U*. 


.1963/ 

..?0*:ii)._ 

. 3 0 6 1 H 

128 

.213-* 

.168*/ 

. 1 7„*? 

.285 78 

137. 

-..,21*16 

.16878 

al?.*ll.4.. 

,2$m... 

7 IRE 

Oh | hE 

U.5 IVH 

»JH iQfl 


lot 

.32 122 

. 2 0 5 c 9 

.22*89 

.2*872 

112 

• 3 r hp i 

• «*0<J f\J 

*?15Hi 

,23365 

lid 

.29/63 

•196(7 

.212*8 

.23??6 

1*?. 

.,.26 /6H 

.*19313,. 

1 

.*22700 

137 

“ — iTKc- 

.27*6(1 
CH 14 

. (8*(* 

. 199 78 

■mv.r; 

* 223*t 
'TT7T752 T 


6b a doe A ij'ei 9 .' V bd 1 i OH 1 i A 

.30 2*2 , 1916 2 .29 9*0 ,0)8*. 1 ,25.b_77_ 

.29078 . leu* 3 . 28 h** .2*934 ,2*533 
.,2*358 .,16975. ... 20165 . .2*335 ,2*505 

.?78ua .160** .2/3*0 .238*3 -.23909 

-.869.13... .l*56Q„..26?.5 7.. ..,22505.. .,23*60 


Go 1 9U Lo t it Ud 2 1 

.21* H . 2 6 5 u 5 .'2~5i*J~ 

.♦.20 76a . ..2 5.323 ...,2363a.. 
.2o2*u .2*239 .2 396 J 

, 1998* .23388 ..,23?9o. 

•I"t2* .21953 .22126 


,09167 . 0 1 065 

.00 1 69 .()! 0*5 

, 0* 1 *3 ,1)10,38. 

.00189 . o n 9 e 9 

AiU*J .jJ-0.<9_ 


.00a9o 
.00292 
. OOol 7 
.00609 


.00193 

.mioH 

.00182 

.001*5 


■TT‘T. 5 S".rrn. 5 C-GV[a 7 ?i 
,000.7.1.. .001/ 7* ,00070 

.00063 .uoufcd .OuO 79 
,U00a7 00.U63 .... 00076 

. 0002 J .ouut 7 .000 7 7 

_ 1 1 rn «* H . ft A (i t ? .nr,n7i 


1? oh ?1 0 

r 7p,f 2 .17020 

I. ,18822 .*16135 

I • 1 6* 36 . 1 55? i 

i *103** .1*903 

1 *16993 • l 3322 

"0 *" 15.58 oTTf 

1 .00075 ...00*00 

1 .00069 .00?30 

. .0 0076. . . 00^60 . 
.00075 . 00*00 

1 U10H3A__, 031*10- 


"uT TsA 
.00170 . 

.00160 . 
.001*0 ,. 
.00150 . 

.OOlifl . 


uB l 2 

dB 1*8 

QH15.5C 

QB15.SD 

Ddl 7 

235*9 

.*32333. 

,26912. 

.29889 

.23397 

22350 

.30550 

.260/2 

.2860* 

.22655 

2 1 9na 

,301*9 

.25*12 

,27315 

.23111 

21*7* 

.29*13 

.2*995 

.26097 

.2323* 

20961 . 

,287*9 

...23725 

.,24000 

..22*1* 

OT* 

0 T6 

qtb 

OT0C 

OT 1 1 

02*68 

.01987 

•01136 

.00715 

•00329 

02*33 

•0203* 

•oiio* 

. UO 726 

•0029* 

02336 

•020** 

• oil 33 

• 00 7* 1 

•0o3o2 

02*59 

•02061 

. *oin77 

. .007*8 

. . 003g6 

023'Zo 

• 020&2 

•Oil* 6 

•00737 

• 0G3q^ 

UTl9~ 

OT f*C UW f9A 

UM9tT 



00*7* 

.00*23 

. .00148 

. .00200 


00*72 

.00*15 

.00203 

.00190 


0 0*76 

.00*11 

. .0020* 

. .00180 


00**5 

.00*04 

.00205 

.00172 





Run 366 ) naka-sts test 
*<o»c* 0x0 


ACO C ( «»Q» INC* ) ARNOLD AFS. .TENN. 37385- 
von karman gas oynamics facility 
hypersonic ho i shot iu n nel f 


TEST COND I T IOnS__ _ TESTGAS NITROGEN O-O. ST-O. AND HREF 9ASE0 ON j!32. INCH HA01US. 

ANGLE nF ATTACK AO.ioo'uFG. ’ 'angle of YAW 0 OEG. AnGlE qF roll 0 OEG. MODEL LENGTH 21.351 tNCHES 


TIME P-TNF RHO-tNF T-InF U-INF m-InF O-INF RE/FT RE-i. V-INF ' PO TO HO " QO eTU/ STO HREF 8TU/ POP ’ 

MSEC PSIA LHM/CU-FT OEG M FT/SEC PSIA *10*6 X10-6 PSIA OEG R BTU/lBM SOFT-SEC SOFT SEC R PSU 


60 

. 116 1 T 1 

.003571 

99.5 

5244 

10.55 

10. 59 7 

7.3380 

13.0561 

_.0 0?72 

.7228 

_210)_ 

_5. 737e_j)2 _ 

_)03L*J_ 

_.02?2L_ 

•J.17.3V- 

19.535 , 

74 

. 11-649 

.002-59 

1 0 - . 4 

" .5450 

10.50 

~ 9.1 5 6 

5.6007 

~ 9.9651 

.00310 

6 391 

2282 

6.197E 02 

iae.6 

.02491 

• 1 08?7 

16.891 

86 

.10-308 

.002613 

1 OH . 7 

5434 

10.45 

8.321 

5.0875 

9.0520 

.00324 

5756 

2278 

6.163E 02 

178.3 

.02602 

.10262 

15.348 

94 

.100044 

.002373 

110. 1 

547? 

10.46 

7.664 

4.5951 

8.1757 

.00341 

5395 

2314 

6.2515 02 

174.8 

.02740 

.09855 

14.138 

. ... 112 

.0-2430 

.002015 

lo6.a 

541- 

10.52 

6.380 

3.9827 

7.0863 

.00368 

4656 

2277 

6.125E 02 

154.7 

.02958 

. 0 89o5 

11.768 

130 

.071590 

.001747 

107.0 

5407 

10.48 

5.507 

3.4378 

6.1167 

.00395 

4026 

2276 

6.101E 02 

1*2.8 

.03174 

.08231 

10.157 


’RESSUfifnATi' (PReSSLRET"/ POP I 


time PR5 PB 1 1 * 3 A PH11.3R PB15 P820 


60 

.57369 

.47169 

a 23971 

.44879 

.35397 











74 

.57688 

.47371 

.23642 

.45362 

.35307 











86 .57758 

.4 7262— 

^.23504 


-.34594 











94 

.57775 

.46718 

.234H4 

.44557 

.33979 











112 


.46405 

.23906 

.43655 

.34113 











130 

.57743 

.46760 

.24409 

.43549 

.34336 











HEAT 

TRANSFER 

04 T A (H 

/ MKEF ) 













TIME QR3 

083.5 

UH4 

0B6 

088 

UH8 A 

009.5 

OBI 1 

QB11A 

QB11B 

QB12 

0B13 

08148 

0815. S 

0815. SC 

60 

.19173 

, 21 *e 6 

.37870 

.34870 

.29032 

.20395 

.2532 1 

.24496 

.26561 

.23891 

.21*03 

.22944 

.30763 

.22547 

.27734 

74 

.20843 

.18522 

.19370 

.35395 

.28984 

.iei39 

.25315 

.24125 

.26292 

.22738 

.21174 

.23094 

.30*52 

.20965 

.26645 

86 

.19887 

.16784 

.14378 

.33366 

.28490 

.17570 

.24892 

.23411 

.26607 

.22196 

.20376 

.23198 

.31737 

.20644 

•263o6 

94 

.20179 

.169-6 

.13887 

.31977 

.2-633 

.16912 

.24646 

.22845 

.25432 

.21882 

.20278 

.22950 

.30975 

.20107 

. 25 7q5 

112 

. .19903 

-.16 770 

.13757 

-.27532-- 

-.23078. 

.091-9- 

.24259. 

.22168 

-.25725- 

—.21450- 

-.19547 .22684- 

.— 31498 

.19540 

-.24530- - 

130 

.20245 

.16953 

.14234 

.24555 

.27448 

.06058 

,23233 

.21229 

.23958 

.19756 

.19072 

.22018 

.27896 

.18376 

.23884 


0R15.50 

OB 17 

OR 1 8E 

OR 19 

Or i 9fl 

0819A 

OBiSB 

00190 

0B19E 

0821 

0B21B 

QB2jO 

OR? 1 E " 

QT* 

OT6 

....60 

.31025 

.22970 

.35217 

.25280 

.21677 

.21949 

.26380 

.26002 

.28809 

.24090 

.17871 

.18879 

.22644 

.02704 

.02489 

74 

.29449 

.23168 

.322-0 

.23125 

.20320 

.22039 

.264«7 

.23479 

.26812 

.23635 

. 16764 

.15376 

•20526 

. 0269B 

•02548 

fit 

.2-3-9 

. .23656- 

...•306^6 

..22203 _ 

.19812 

-.22017- 

.26205- 

. -.22.11 S- 

-.26334 

- .22311 

-.16446 

-13589. 

-.194 78- 

-.0278] . 

-.02628 

94 

.27075 

.23233 

.304-1 

.21578 

.19754 

.21143 

.25042 

.2)395 

.26190 

.21200 

.16165 

.12563 

.1885* 

.02703 

.02558 

- -112 

.2-249 

.23576 

.28510 

.20526 

.13759 

.20160 

.23579 

.20152 

.25615 

.20712 

. 14927 

•11528 

•17093 

.02611 

.02495 

130 

.23566 

.22553 

.27890 

. 1 9B68 

.18437 

.18440 

.21 .56 

.19136 

.24998 

.18901 

.14339 

.09874 

•16402 

.02573 

.02487 

TIME 

GT8 

OT0C 

oni 

otua 

or 1 18 

0715.5 

OT15.5A 

OT1S.5C 

OW15.5A 

0415. 5R 

QT)8 

QT19B 

0T19C 

QW19A 

0X198 

60 

. 014^4 

.90687. 

-.004 1 7, 

-.09159. 

...00922. 

-.00572- 

. .00240 

..00 06CL. 

.00065 

— 00060 

- .00298 

.00178 

•00164 — 

— 00130 

-.001 92.. , 

74 

.01442 

.00719 

.00393 

.00)77 

.00944 

.00501 

.00231 

.00061 

.00068 

.00064 

•003nl 

.00172 

.00)60 

.00138 

.00166 

86 

.01481 

.00727 

.003^6 

.00190 

.00970 

.00579 

.00225 

.00065 

.00071 

.00061 

.00319 

.00171 

.00157 

-.00146 

.00150 

9* 

.01513 

.00714 

. 00 372 

.00207 

.01005 

.00500 

.00218 

.00071 

.00070 

.00066 

.00*17 

.00169 

.00150 

.00153 

.00138 

112 

.016-7 

.00710 

.00342 

.00223 

.00925 

.00611 

.00215 

.00070 

.00073 

.00069 

.00375 

.00156 

.00)30 

.00159 

.00120 

130 

.01814 

.00718 

.00318 

.00228 

.00913 

.00637 

.00205 

.00074 

.00077 

.00072 

.00415 

.00139 

.00)00 

.00164 

.00110 


BUN 366? naSa-SIS TEST 
.. *OAC- 0*0 . . 


. «.EOC. (Ago ’ IL.C-._1— A R N 0 L Q _*F.S . TENN . 3738 

WON K ARMAN OAS dynamics FACILITY 
. HYPERSONIC HOTSHOT TUnNEL F 


TE St C ONO I TIONS TfST GAS n I TbOGEN 

ANGLE hF ATTACK AS. 200 OFG. angle qf" YAm 


0 DEG. 


• 0-0» S T-Ot ANO HREF BASED On .13 2 INCH RADIUS 

AnGlE O f roll 0 GEO. NOOEl length 21.351 INCHES 


.0(1 122 3 90_.2 

.038631 .001098 91.9 

.03*223 .000951 99.5 

. 03*203 .000821 112.0 
•031 2A l .000695 119.1 
.029325 .000608 125.9 

. . 029 aflL.iOj.05 * 2_.l 21.9 


PRESSURE DATA 


00.05 *2 1 3A. W 64 49 

( PRESSURE / POP ) 


U-lNF 

H-lNF 

Q-INF 

RE/FT ' 

RE-L . 

“ V-iNF ** 

" ' PO 

TO 

HO 

FT/SEC 


PSlA 

*10-6 

XI 0-6 

- 

-PSlA 

DEG R 

BTU/LBM 

5453 

1 1.5? 

-3.919 

2 .8786 

5.1218 

.00474 

4431 

_?292 _ 

9.J59£_02- 

59 3o" 

1 1.57 

3.622 

2.5748 

4.5812 

• 00504 

4253 

2358 

6.334F 02 

5692 

11.45 

3.322 

2.1188 

3.7699 

.00549 

3823 

2498 

6.716E 02 

5044 

11.27 

3.129 

1.6987 

3.0224 

•Q0604 

3483 

2715 

7.331E 02 

6162 ' 

11.33 

2.805 

1.3810 

2.4571 

•00673 

3305 

2901 

7.876E 02 

6590 

11.24 

2.594 

1.1833 

2.1054 

.00722 

3024 

3015 

8 *2 1 1 E 02 


QO 8TU/ 


STO HREF BTU/ POP 
. SOFT SEC R PSlA 


. 0 A OA 1 
.0AAA5 
.04834 
.(1S2T8 
.05642 


-•06981. 
. 067a7 
.0660 7 
•06So3 
.06172 
.05994 


• 06023 <.0587A 



TINE 

PBS 

PB11.3 

Peil.3A 

P811.3R 

P820 


70 

.69375 

.56017 

.53769 

.26478 

.44414 


17 

.7A64 3 

—.55543 

—.52043 

—.26280- 

-.44097 


92 

.71327 

.56376 

.52049 

.26782 

.44977 


1 1 A . 69 3 1 A 

.127 .70855 


.56517 .53531 

.S78e7 .5A008 


53531 .27017 
5A008 .27562 
54652 .27712 


.56783 .54652 .27712 

.55558 .53328 .27674 


.44962 

.45670 

.46116 

.45890 


"HEAT TRANSFER OAT A (H / HHFFl 


.22480 


QI6 
.02124 
.02123 
-.02160 
• OP l 82 
.02197 
.02288 
.02172 


078 

,01022 

.01062 

.01093.. 

.01110 

.01105 

.01157 

.01239 


0H4 

086 

0B8 

UfiRA 

0B9.5 

OBI 1 

OfillA 

081 IB 

0812 

QBl 3 

OR lV ~ 

08148 

0B15.S 

15271 

.20301 

.22262 

.05751 

.21058 

.20649 

.22028 

.17407 

.182)9 

.18886 

.19833 

.22963 

.18732 

1 7J64 

.20444 

.22226 

.05592 

.21026 

,19810 

.22172 

. 15210 

.17741 

.1^076 

.1074S 

.23226 

.18330 

16363 

-.18069. 

-.19516. 

— 05600. 

— 18455. 

— 1 7741 

___ £ ft O O *_ 

_ .11609. 

—..IbOflS 

*<>*«• 

__900» ?- 

S.0 0 0 0. 

—0.17093 .. . 

16411 

.16314 

.16618 

.05794 

.16204 

.16592 

OOOOO 

.10043 

•154 0 6 

oo««« 

00 ««• 

00000 

. 10022 

164-2 

.15428 

.14617 

.06044 

.13115 

.14530 


.09607 

.14896 


«##»• 

_ 00000 

.17092 

16055 

.12630 

.12632 

.06103 

.09572 

.10223 

0 0 41 a A 

.09298 

.1242? 

«•••• 


00000 

. 15874 

16181 

.10372 

.11309 

.06049 

.08419 

.08062 

44444 

. .09488 

.09938 



00000 

. .12332 

IS .sc 

0815.50 

.. - GG1L 

Q818E 

OfllSR 

0B19A 

_ 0B190_ 

0B19E 

OB?! 

OB 2 i 8 _ 

.. 082 10 _ 

_0B21 E_ 

^ QT* 

20*94 

' ,22733* 

".*20 7 78 

.25607 

.17365* 

.15847 

•18016 

.24094 

.18733 

.14063 

•13316 

.18583 

.02059 

20522 

.22207 

.20034 

.25042 

.16667 

.15922 

. J7363 

.23347 

.18248 

. .13342 

. 12434 

.18343 

•02028 

19102 

.19972 

00000 

.22412 

.15269 

..... 

.16277 

.20939 

* 0*00 

•12335 

•11695 

.16317 

.0195* 

1708 0 

.18316 

00000 

.20211 

.14663 

..*** 

•157D9 

.19501 

0O0O0 

•11767 

.10818 

.iS]2? 

.01963 

16500 

.15154 

40001 

.16625 

•13469 

• oO»« 

•14880 

. 16973 


•11311 

•ln?38 

.12964 

.01845 

11603. 

.10248 ••••• 

—.12572. 

—.10748. 

4.444 

. 0924 7_ 

.11736. 


. 10094 

o*>o26 

..#..0 7o8q 

. 0 1851 

00995 

.09560 

OOOOO 

.12086 

.09282 

®44*«* 

ooooo 

.10923 



000 00 


.05627 

.01789 

QT8C 

GT 1 1 

oriiA 

Oil IB 

0 T 1 5 , 5 

OT15. SB 

OT15.5C 

0.15.5* 

uwis.sr 

QTjB* 

Q T \ 9A 

QT 1 9B 

QT 19C 

00595 

.00239 

.00184 

.00847 

.00551 

.00071 

.00051 

.00096 

.00086 

.00239 

.00159 

.00210 

.00168 

00583 

.0024? 

.00182 

.00795 

.00563 

.00073 

.00057 

.00083 

■ 00 0 R 4 

.00245 

.001*5 

.00185 

.00160 

00587 

- .00228 

—.00190 

— 00739 

-.00553 

— 0O070 

— .00065- 

. -.00084 

_ .00080 .00251 — 

.00 121.- 

-.00158 

-.00148 

00586 

.00229 

.00198 

.0071? 

.00542 

. 0006J 

.00072 

.00075 

•00078 

.00244 

.001 19 

.00147 

.00132 

00575 

.00227 

.00195 

•0Q692 

.00529 

.00082 

.00078 

.00076 

.00077 

.00247 

•noowe 

.00)25 

.00123 

00596 

.00274 

.00200 

.00694 

.00542 

.00077 

.00035 

. 00066 

.00072 

.00278 

.00088 

.00126 

.00106 

00617 

.00230 

.00216 

.00700 

.00558 

.00086 

.00092 

.00058 

.00074 

.00321 

.00002 

.00119 

.00092 


Oh 1 o A 

.00204 

. 002"6 

. 0020 ? 

.00204 

.00207 

..00197 

.00183 


OW19R 

.00139 

.00126 

.00102 

.00090 

.00088 
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— AJLi)C_iA><0? JNC-! .AM^LD-AF$t_.TENH. _3 7ja*i 

VUN AAPMAN t4S LYNA^lCt* FACtLtTV 

ht.HtMbUNK nUTSHOT Ujnn£L F. 

* 3o6 3 NA<jA-S?S Itbr 

^DACt.OV.U j 


JS5LCJ2£ , l»Ii UjNb Tf ST gas Nl IhuqEn Q-Q» ST-U» and HH£F HASfcO ON j» 132-iNCH RADIUS 

ANGLE Oh AllACK as. COO ufcO. ANGLE Of 1*4 0 CEG. ANGLE OF ROLL 0 UtG. MODEL LENGTH 41*351 INCMt* 


tIHE 

P-tNF 

MHl|- |bf 

"Y-ImF 

O-l NF M- ! nF* 

’ U- INF 

Ht/FT 

P£-L V-tKF 

PO 

‘ TO 

HO 

UO fiTU/ 

SlQ HREF B TO/ 

POP • 

MSEC . 

...P$U LbM/LU-FI 

UEG K 

F l /SEC 

PSIA . 

• -A 1 v • b - ■ - 

.*10-6 

...P5IA 

DEG H 

Blu/LBM 

SUFt-SEC 

SOFt SEC H 

psi* 

8 a 

_^o;.T9‘9 

.•oo/iey 


jnu l» h q... 

— 7.61iL. 

.i-9923.. 

.9.C6U* ,011165.. 

_ -902b .. 

2 **6. _ 

>. 745E..02 

196.9 ... 

.02953 

10331 

1*.025„ 

9q 

.070*97 

. U 0 L / / J 

1 0*» • O 

8011 11.79 

6.909 

3.97)4 

7.0662 .6041 3 

8613 

27UI 

7.473E 02 

215.7 

.03299 

.09983 

12.775 

. .. - 98. . 

•c65*bb 

.00 IS.2H 

111 .'*. 

620? 11../7 

6.Ja7 

J • 0 1 l 

5.e734 .00853 

8133 

2b/4. 

7.970F 02 

222.9 

.03544 

• 095S 1 

ll.'*3 

108 

.O c b906 

.1101114 

1 1 7.1 

6 IS? 11.// 

5 . / 1 b 

? . / IhO 

4.S3S? .004^4 

7565 

3006 

B.3*?E 02 

225.3 

.03652 

.09137 

10.580 

.. ....... ue 

.053*26 

. )C l u<* 

123.1 

6516 11.7b 

5 . 1 9 u 

2 . 3382 

*.16c2 .00538 

. 7107 

3155 

8.7d2E 02 

229.8 

.04179 

.08789 

9.010 

ut 

.044 no 

• 0» lor* 

137., 

6,31 11.7b 

A .H J? 

ic .06S6 

3.6 7“ 2 .00573 

6 768 

3261 . 

9.095E 02 

232.2 

.04*29 

.085 J2 

8.949 

1J6_ 

. «Q* >6 22 

.•U0>)t*L. 

13'.t . 

._6692..11.>b„ 

_*.3l l 

- i.em... 

. J.2349_. 00618.. 

6392 

3325 

9.276E. .3)2 

. 225.1 

.0* 75a 

. — QBOQQ — 

„.J. 986. .. 


PRESSURE 1/ A f A { knl$SC»<E / POP ) 


t t*e 


Ph 5 Pull..* Pm 11. BA Pm l. :lb 


84 

9q 

.70398 

.7<.344 

.Sc^fcS 

. .S832-/ 
.SH /33 
.S/4Ad 

• S 0 d 7 f) 

• S'iSjd 

• jd*; 44 

,S4cj43 
. -SSu'JO — 
«bb3 l 0 

• 56** a fi 
.56 j /H 

• 56a5'i . 
•57 ^ia 

.29122 
..2807 L. 
.2*068 
.27913 
.27576 
.27619 
.2 7ttrt0 

.539 36 
...5*1 13 3 
.54294 
..54*26 
.5*22, 
.5* 16b 
.542 79 

. 50OUH 

... . 60215 .. 
.50283 
.5022b 
•5 u* 55 
•EuucS 
• 4 ,0 7 6 










9e 

10° 

• 70Ub2 
. ..6UHJ0 

• fc4A.“ l 

-...fcV?9b 

.evss 4 










jie 

126 










136 










HEAT 

TWAfwSKe.H 

U« U ( M 

/ Hh£F) 













TIME 

JHJ 

(jHjIs 

U'B4 

,i«6 

Qrtd 

LbdA 

CiriU.S 

o« 1 i 

Ob 1 1 A 

OH lid 

UBl 3 

OB 1 4 

OH 1 4B 

Qb 1 5 • 5 

uuis.sw " 

8* 

. *21 * JO 

. i« 16 7 

.2*, 71 

.31757 

.287*7 

.16054 

. .25363 

.23111 

.-23603 

. 21*22 

.23362 

.25332 

•27?J3 

.2526* 

.23215 

90 

.21162 

.1/725 

. 19 J68 

.28874 

.2*7 c 7 

. IVA^o 

.23706 

.21b4, 

.22633 

,?0?04 

.22155 

.2*090 

.25806 

.2*288 

.22598 

98 . 

20520 

.1 7,32 

. .15019 . 

.25423 

.25**1 

.1421/ 

.22766 

.20279 

-.22*39 

.19837 

.21819 

.2*038 

.260*5 

.23067 

.22038 .... 

108 

.21072 

.t 

.15136 

. 2 3 76(1 

.2*3 * 1 

. 1 u 304 

.21329 

.197*7 

.22277 

. 192*7 

.20999 

.23*52 

.26650 

.22590 

.21959 

lit 

. . 2 1 0 1 0 

.1 / J4t> 

.15<m2 

.?oe.?4 

.22907 

. 0 t ^ i 4 

. 19y5 7 

. 1003* 

.21519 

.18539 

.1915* 

.22519 

.2*5*0 

.21*38 

. .20105 

126 

.21 no 

.3 7<59 

. 15l )l 

.17721 

.213 19 

.(jba/ft 

. 18650 

.1.92*2 

.21130 

. 1 7205 

.18*6* 

.21531 

.239*6 

.2060* 

.19/68 

136 

. .21*32 

. 1 7:r.h 

.15*1 l 

.18123 

. .200*5 

. • uo 1 u 3 

.18273 

. 18009 

.20582 

.15*72 

.17270 

.20029 

.230 7* 

. 19,336 

.1 7295 

TIME 

0-16.5* 

Ob 1 ,. 5C 

CrlS.SU 

Uril 7 

uhimE 

Ut3 ISP 

UniSA 

UH19H 

(1H19D 

178 1 4t 

0B21 

OH 2 id 

0H?1U 

OH21E 

UT4 

«4 

.22 j 33 

• 2 3'.- 1 1 

• 29 j2 3 

.2**16 

.2*568 

•ic 0*2 

.20 l62 

• 237*3 

•2l9oT 

.2733* 

.23229 

.16202 

.16*25 

.21527 

•Ob*** 

9, 

•2169b 

•2>'-' 0 

.27 1 17 

•23325 

• 2 7620 

•2 j9*3 

. Lrt^fcS 

•220 JO 

•20**8 

.25,82 

.223*7 

.15320 

•15029 

•19022 

•0232* 

9h 

-?1 -t?8 

• p J? #4 

• ?by \ * 

.23300 

.26155 

• lu 7s ) 3 

. |6 U 6 7 

•22o*3 

.19Br,b 

.2*2*2 

.21177 

.1*627 

.13729 

.18*25 

.02251 

102 

.21*63 

.??* /b 

•2*9-3 

♦ 2 3 S/.-4 

•26222 

. 1 r 4 j ^ 

. 1 7,75 

•21972 

•1B967 

.22881 

.20096 

.1*082 

. 12B50 

.17382 

•02205 

lit 

.21253 

. 22 1 32 


.21652 

• < 3t * 2 

.171*7 

• l oa 7 b 

•212*3 

• 1 7935 

.21/2* 

* 16526 

. 13*P3 

.11838 

.16310 

•0212* 

126 

.21*-.* 

• 2U33. 

. .22ooJ ... 

.2080*. 

« 22**9. 

.12222 

. ... 150E6>.. 

•209 *3 

.. .172*7 

. .20 796 

.17572 

. . 127*1 

.11258 

.15,79 

. 0208, 

136. 

.20 7*2 

.212*3 

• ??bl M 

.192(6 

•2lt*0 

• l85o5 

•15231 

• 1801$ 

. 1 b3o5 

•20032 

• 16530 

• 12535 

•llo' 6 

. 14M6S 

•02036 

T IME 

<j 1 b 

' 1. 18 

OloC 

*0111 * 

uT 1 U 

'Jilin 

■J T 1 1 C 

■if 15.5 

O' 15.5a 

17 11 5.5C 

9915. 5A 

(79 15.58 

one 

(J119A 

(7 T 198 

8 A 

... 020*9 

.01213 

, 0 0 7> ? f» 

.003*6 

.00171 

.01153 

• 0 1 ) 8 C 2 

• 00t>39 

•00?3B 

•oousu 

.00067 

.0006* 

.00366 

.001*0 

.00250 

90 

.02133 

• Oil * J 

.70 /US 

.00373 

.001-7 

. .) 1 0 7 b 

.Uu 7S / 

• 0 0 b ? U 

.00213 

• 00 uSo 

• OOObU 

.00069 

.00350 

.00130 

. 00230 

SP 

tCPl ***. 

.01 ltl 

.00 / 14 . 

• 002*2 

..••10192. 

-.010*1 

.. .00732 

. • 0 0 4 0 J 

.0918* 

. . 000*7 

.00072 

.. -OOOfcd 

.00330 

. 0 0 1 1 0 

.00230 

108 

• 0 ? J l b 

. (J 1 l »: h 

.OOoU'. 

.05238 

.00?!? 

.Oluv/ 

.fiO'S J 

.00605 

. 00 1 72 

. UUO-8 

•U007U 

.00072 

.00 325 

.00120 

.00220 

lit 

. .Q4B?d 

.0113/ 

.0 004^ 

.002 78 

. . 00 ? 07 

.00952 

. 00529 

• unS 7o 

.00123 

. 0 0(732 

•OOObV 

.00071 

.00298 

.00130 

.00200 

I2t 

.02)35 

• wins 

. 7 0 33 "5 1 

. U02MA 

. uo2 1* 

. Ou^**? 

• 0052 1 

.OOi/7 

.O0i’6 

. U 0 0 4 4 

.00077 

-0007S 

«o«®« 

.00120 

. ou?ou 

136 

.02)31 

. .01118 

.004/1 

.00300 

• U0?J*J 

.00071 

.00*38 . 

-oo*se 

.00112 

•00044 

•0U07I 

•00074 

• »o»* 

.00130 

.00180 . . 

TIME 

C 1 14C 

(j w 1 N A 

Uto i4H 













8a 

• 00 194 

-001 / / 

. ) 0 l b M 













90 

• uo r# t 

. M!) I >' ?. 

• *J '» l 4 1 







. 

... .... 








<th 
1 OH 
lit 

„.)*4 

] 3b 


or. I l, o 
00 1 TP 
CUh'J 
0 C 1 a 
00 I VO 


. n o l '• »> 
. 0 0 1 ■ • * 

• r,.j l Vi 

• oo r- 1 

• 0 IJ 0 l 


. il IJ l PA 
•OOlPh ■ 

• 0‘) IPO 

. 0 'J 1 1 i . 

• til) 104 


d, 2 _ 
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IuVTuA *“n»S 4-ST S ‘ TE5 f 
„ **i)AC- o«e 


TEST CONDITIONS 


AEOC t ARQ f IN C.l ARNO LD AfS» TENN. 37384 

von kahha'n gas otnaVjcs Faciliu 

HYPERSONIC HOTSHOT tunnel F 


test GAS NITROGEN 

jnn iNcrnsn 


-rtHf p-inf - rho-inf -t-inf -u-tnf’ r-inf -o-tNF---ne/rT' 


Q' 0 * ST ~°* ANO HREF based On .132 inch radius 
angle of roll 6 OEC. muoel length fTTisTlNcHE'S' 

** V*TNF Pa TO HO 00 BTUA"' «T0 hbff am/- on 


PSIA 

A10-6 

*10-6 


PSIA 

DEG R 

BTU/lBH 

8.281 

*•9510 

8 ,8126 

.00331 

6000 

2335 

6, 328f 02 

/•4J7 4.0414 

~T. I^aT 

.00365 

~5*41 

2*7 3 

6,699f 02~ 

5.222 

.2.J91Q. 

*.9659 

. f.Q0*3*. .... 

. 3783 

2*88. 

6, 6 8 * e 02 


STO HREF BfU/ POP 
SOFT SEC. R PS I A 


0 * . 10678 * .002531 109 . / 5500 10.55 

9? rbTSC 7 8~7S fl'2 1 A 8“T 1T73 F* 6 51 o7*9~ 

...A??....,?.*???! .001513 119.* ...5657 10.38, 

PRESSURE OATA ( PHESSL'SE / POP I 


TIHE PH5 PB11.1A PRI1.3H PR 1 5 PR20 PT12 

ff* THo'fto o ,'n2o oo ."3 i oTj 75 79 3 6 TFe 5 oo 7bi59F 

9A .79*00 .61400 .32814 .61300 .5837/ .006o6 

132 .7*100 .61937 .33105 .61833 .58100 .00596 


"heat-transfer data -(h / hheft 


.2**86 .20607 .301*8 

'■.'23290“ .1966* ““.25099 


132 

.2*065 

.20622 

.18uS3 

TIME 

0B15. SC 

0815.50 

Ool7 

' 04 


" .36*71 

723 u 76 

9* 

.26612 

. 3 1 3e i 

.22269 

132 

.2788* 

• 25004' 

.2221* 

TIHf 

UT8 

- 33T0C 

or n 

64 

.01100 

.oo7e3 

.004M6 

94“ 

.btiiAo' 

' 700772" 

. 0 0*o9 

132 

.01030 

.007*9 

.0041? 

TIME 

0T19C 

Qw 1 9A 

OW 1 9R 

8* ' 

•002S1 

•002/2 

.00171 

9* 

• 00237 

.00252 

•coins 

132 

• 00218 

•00262 

• 00 l5S 


1 .35886 

.30**0 

.22756 

.31737 

.2673* 

.76307 

.26305 

> .31631 

.2829* 

.1882* 

.29332 

.2**86 

.759*6 

.2*14* 

!. .21018 

.25512 


.25368 

...21556 

.2*731 

•22*80 

r QBice 

O019R 

QB ISA 

QBl 98 

QR19D 

00 1 9E 

0821 

i .2^663 

• 2l<?0 4 .2JToo 

.27S0T‘ 

• ?5 9 5 5 " 

.11*0*" 

~ 723*75 

l .28667 

.22009 

.22900 

. 26 3 * d 

-24477 

•79115 

.23180 

i .25«9 0 

.2011* 

.19*00 

.2*759 

•21220 

•25788 

.22 7o9 

1 T3TTI A ' 

•OT11B 

— CT11C* 

'0715. 5 ' 

0T15.5A 'OTiS.SB- 

QT15.5C 

. .00198 

.012*0 

.0061 1 

.0056 J 

.00307 

•000F2 

.00085 

1 .00191 

.01210 

.00929 

.005*0 

• 00 354 

.00069 

.00075 

’ ,00211 

.012*0 

.00599 

.0056 J 

. Oo3q9 

.00057 

.00069 


>0 .27679" 


..32900 .23*5/ 

.32000 .23198 

.31000 ...22735. 

0 T * U T 6 

• 0258b *01681 


* 1 5 • 5 A 0*15. ER OT18 QT 19a “ OT19J 

.00089 _ .00087 . 0 0 "> 1 S ,00186 .002HJ 

.00079 .00071 , 00?«6" .0016? “.00272 



N 366S NASA-STS TEST 
ROAC- own. 


AEDC TARO. INC.) ARNOLD AES. TEnn. 37389 
Ton HARM Ah cas oViwawTcS'facili.tt 
HYPERSONIC HOI Shot IUNNEL f 


TEST CONDITIONS TEST GAS NITROGEN O-O. ST-O. ANO HREF BASED ON .132 InCh RADIOS 

SNGCE nr-ArrTACTr-6o;20(rDEG'. ■ ANGLE "OF'-TAU 0 UEG. ANGLE'"Or'ROU: — O'OEC; HOOEX^LENGThTITTSI - iNCmETS 

TIRE P-1NF RhO-InF T-InF U-1NF R-INE 0-inf ■ HE/FT RE-L ' V-TNF PC TO HO 00 gTVIA STO HREF" 8TU/ "POP " 

MSEC PSIA lBm/CU-FT OEG m FT/SEC PSIA Alo-4 *10-6 PSIA OEO R BTU/LBR SOFT-SEC SOFT SEC R PSU.. 

75 .122235 .0030 = 4 104.5 5 33 7 !o. AS 9.387 6.0825 10.8223 .00297 6388 2189 S.SaSf 02 l8o.6 .02403 .10952 17.310 

95 7099763 .002197T13.6'- "5*52 loTAI ^560 “ 47670? 772 5 PVTo 0 3*0 5338 246* 57670E“o2 i>»*T i >'~T02 l ’« . 1 0 l 10 13.976“ 

135 .0*5922 . 00 1 A 2S 120. d 5685 10.38 4.967 2.6128 4. 4488 .00449 3621 2513 6,752? 02. 16 q. 6. ..,03*61 ,08140 9.170 


. PRESSURE DATA ( PHESSCRE / POP ) 


TIME 

PR5 

Rill 1.3 

FPU.3A 

PPll .38 

PR 15 

PS20 

P T 12 









75 

:?‘7!7 

.pu9ao 

.77100 

.42100 

.76937 

.74000 

• 0069'? 









9« 

,9AQ73 

.p 1600 

.78300 

.43/00 

. 79766 

.74960 

. 007 1 6 









135 

. 9=185 

.79000 

.754.10 

•43300 

♦ H03 74 

.73800 

.00723 









HEAT- 

TRaNSFEH 

DATA ~ IH 

1 / HrtEF) 













TTFE* 

0 RT' 

- 0B7I5" 


DPR- 

CfTRT 

CHB 

— asorr 

nun - 

O0TTA QBI Id 

— OBfr 

DBIT 

QBl 4B 

OB 

0315. 5H ‘ 

75 

.22253 

.19417 

.20342 

.45727 

.30927 

.22883 

.3079 3 

.28333 

.27600 

.258*1 

.25473 

.29000 

.37500 

.26221 

.29200 

9?' 

,23257 

.20138 

, l 9628 

.34 179 

. <?*>65 0 

. 14488 

.26862 

' . 24 i 5 1 

.26300 

.24364 

.21121 

.27800 

.36000 

.22596 

.2o400 

135 

.24907 

.20706 

.20981 

.17845 

.21225 

.08594 

.20533 

.2014*.. 

,19800 

.19657 

,18669 

.22600 

29ft 00 

..,21681 

,25106 

TIRE 

OP 15.54 . 

.0815. 5C 

CH 15.50 

9817 

981 BE 

0B19R 

08)9 A 

0B19B 

DB190 

QB19E 

08218 

OB21D 

082 IE 

OT 4 

UTb 

7 5“ 

• To loo 

. 28210 

.35. | 6 

.27mo 

.2*931 

.2317T 

.24900 

• 337(30 

.28497 

.334*1 

.21*98 

.26694 

.32581 

.01320 

.01370 

9* 

.25 7no 

.2*069 

.31 / 4* 

.26100 

.24234 

. 22*62 

• 22900 

•295 0 () 

.J39S6 

.28849 

.19382 

.20755 

.28295 

.01*30 

.01330 

l'3S 

•?0?0O 

.24027 

.25293 
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APPENDIX III 

SELECTED TOP AND BOTTOM SURFACE CENTERLINE PLOTS 
OF GAGE MEASUREMENT RESULTS 
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APPENDIX IV 

SELECTED PLOTS OF HEAT- TRANSFER RESULTS 
USING THE PHOSPHOR PAINT TECHNIQUE 
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Note: These contours and model geometry are shown in the camera view. 
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Note: These contours and model geometry are shown in the camera view. 



Run 3652, c« “ 20 deg, “ 9.0x10°, N a = 10.3 

calibration sensitivity is the uncertainty in the fairing of the paint data. 




Paint Data Fairing j 

Gage Data (Same side as paint) 




Note: These contours and model geometry are shown in the camera view. 
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Note: 'Riese contours and model geometry are shown in the camera view. 



Run 3653, c* = 30 deg, Re W : - 8.6xlO b , 10.4 ^ 

The calibration sensitivity is the uncertainty in the fairing of the paint 


rr 

\ 

3" 

o 



O 


3 r 

3 1 

(0 

w> 


C/3 

H- 

a 

o 

M 

H 

O 

< 

P 

r+ 

H* 

O 

3 


a 


cn 

t+ 

•-! 

H- 

O' 

3 

r+ 


O 

3 

Cfi 


o 


N 

N 

3 v 

P 

X 




N 

\ v 

N 

3 ' 

P 

X 


cn 



X 


>p 

cn 

to 


o 

p 

CTQ 

(D 

a 

p 

r+ 

P 


W 

P 

3 

<C 



i o 

H- 

a 

CD 

p 

0) 

*o 

p 

H- 

3 

rt- 


Q- 

P 

r+ 

P 


89 


Paint Data Fairing 
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The calibration sensitivity is the uncertainty in the fairing of the paint data. 
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These contours end model geometry are shown in the camera view. 
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Note: These contours and aodel geoaetry are sbovn In the caoera view. 



Bottom Spanwise Distributions 
Run 3655, e< - 30 deg, Re~» - 4,9x10®, “ 10,3 
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calibration sensitivity is the uncertainty in the fairing of the paint data 
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Run 3659, £X ■ 50 deg, ^ = 7.4x10°, M & - 10,5 

The calibration sensitivity is the uncertainty in the fairing of the paint data. 
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Paint Data Fairing 

Gage Data (Same side as Paint) 



•°"i r 

uv p 

Mff 

i a a 

£38 5 

OtJ 5 > 

d *< o 

8 H 1 *- or 
H* (9 CD 
© D «+ P 
a r» 

* © o 

» *1 M, r* 

a 

H-tS P P 

p *i a 

W o H » 

« ffl K 
© © 

P *1 

n 

o a h 
*i ►* p 


a> s* * 1 


?r \ " ^ 

^ V* " 'K On 
f\j » N O, On 



Note: These contours and node! geometry are shown In the camera view. 
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Paint Data Fairing 
Gage Data 





The calibration sensitivity is the uncertainty in the fairing of the paint data. 



Paint Data Fairing 
Gage Data 
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Note: These contours and node! geoaetry are shown 
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Run 3663, cx - 45 deg, Re*,^ - 3.7x10 , - 11.8 

calibration sensitivity is the uncertainty in the fairing of the paint data. 



Paint Data Fairing 
Gage Data 






Bun 3664 , « 





X • 

^ * 



13.4 


o 



o 


1 


I 


__ Paint Data Fairing 
' O Gage Data (Same Side as Paint) 

• Gage Data (Opposite Side from Paint) 

297 " _ x/f " -452 





Side Elevation Distributions 
Run 3665, o< - 60 deg, R e#,^ - 4.6x10®, M & - 10.4 

calibration sensitivity is the uncertainty in the fairing of the paint data. 
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Paint Data Fairing 

Gage Data (Opposite Side of Model 
from Painted Side) 
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Mote: These contours nnd node! geo we try are shown in the camera view 









Paint Data Fairing 



